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Appendix  A - Power 


SNErriSHAM  POWER  STUDIES 
PERTINENT  DATA  - POWERPIAMT 


Location: 


Near  mouth  of  Speei  River,  28  air  miles  southeast  of  Juneau,  Alaska. 
Power  Installation:  Long  Lake  Crater  Lake 

First  stage  development: 


Number  of  units 

Installed  capacity 

Capability- 115%  rated  capacity,  KW 

Second  stage  development: 

Number  of  units 

Installed  capacity,  KW 

Capabi lity-115%  rated  capacity,  KW 


Generaj^: 

Pool  elevations,  ft  msl: 

Normal  power  pool 
Maximum  power  pool 
Minimum  power  pool 
Maximum  uncontrolled,  spillway 
design  flood,  cfs 

Tailwater  elevations,  ft  msl: 

Normal  tailwater 
Maximum  tailwater 
Minimum  tailwater 

Reservoir  storage,  acre  foot 

Storage  upper  limit 
Storage  lower  limit 
Active  sioiiigi- 


2 

4D,6D0 

46,700 


1 

20,300 

23,350 


843 

961 

895 

1022 

720 

y 

828 

21,300 

el.  903 

2/ 

0.5 

16.0 

- 1.0 


IS  1 .000 

232 .000 

252.000 


121,000 

40.000 

81.000 


1/  Physical  limitations  of  intake  conditions  may  limit  minimum  pool  elevati  -’i. 
2/  Not  yet  determined. 
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SNliTTISHAfl  POWER  STUDIES 
PERTI.'IE.'IT  DATA  - POtVERPLAST  (Cont'd) 


Generation: 

Long  Lake 

Crater  Lak 

Prime  power,  KW 

25,700 

12,100 

Primary  energy,  KWH/yr 

225,000,000 

106,000,000 

Dependable  capacity,  KW 

46,700 

23,350 

Load  Factor 

55 

52 

Turbines : 

Type 

Francis 

Francis 

Head,  ft: 

Mean  operating 

848 

067 

Maximum 

805 

1022 

With  standard  project  flood 

001 

- 

Minimum 

721 

828 

Capability,  h/p,  at  rated  head 

32,000 

Turbine  discharge,  cfs,  rated  head 

(full  gate)  510 

1/ 

Synchronous  speed,  rpm 

514 

Generators : 

Rating  KVA 

22,555 

Power  Factor 

.9 

Rating,  nameplate,  KW 

20,300 

Rating,  overload,  (115%),  KW 

23,350 

1/  Desij^  not  final 
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APPENDIX  A - POWER 

SECTION  1 - INTRODUCTION 

1-01  PURPOSE: 

Appendix  A to  Design  Memorandum  No.  7 contains  the  results  of  engi- 
neering studies,  criteria,  supplementary  data  and  information  supporting 
the  proposed  accomplishments  of  the  recommendations  given  in  the  main  re- 
port. Power  developments  of  the  Snettisham  project,  in  relation  to  Juneau's 
power  market,  are  determined  and  evaluated.  Detailed  studies  and  investiga- 
tions made  to  establish  the  recommended  power  installation  are  presented 
and  design  criteria,  power  characteristics,  power  output  and  utilization, 
comparative  evaluation  of  alternative  power  costs  eind  related  economic  fac- 
tors are  set  forth.  Statements  regarding  project  authorization  and  a resume 
of  prior  reports  tracing  the  legislative  and  research  history  prior  to  ini- 
tiation of  general  design  memorandum  studies  for  the  Snettisham  project  are 
contained  in  Section  1 of  the  main  report.  Studies  to  determine  the  scope 
of  the  project  were  presented  in  Design  Memorandum  No.  3. 

1-02  GENERAL: 

a.  Snettisham  powerhouse  will  be  located  about  28  air  miles  southeast 
of  Juneau,  Alaska,  in  the  Tongass  National  Forest  near  the  mouth  of  the 
Speel  River.  The  project  will  not  affect  fish  or  wildlife  resources,  there 
are  no  requirements  for  flood  control  or  for  maintaining  live  streams  at  the 
lake  outlets  and  recreation  potentials  are  minor;  therefore,  the  design  is 
based  solely  upon  power  production  and  no  other  function  has  been  assigned. 
The  initial  stage  will  develop  the  resources  of  Long  Lake.  As  power  demand 
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in  the  Juneau  area  increases.  Crater  Lake,  the  second  phase  of  the  overall 
project  will  be  developed  to  supply  the  additional  power.  The  complete 
project  will  consist  of  a single  powerhouse  containing  3 units  with  an 
installed  capacity  of  60,900  KW,  Ultimate  production  will  be  an  annual 
firm  output  of  331  million  kilowatt-hours  per  year  with  an  estimated  non- 
firm potential  of  23,200,000  kilowatt-hours  per  year.  Juneau  area  <uid 
project  location  are  shown  on  t’late  1, 

b.  Basic  power  market  information,  load  growth  data  and  alternative 
power  values  were  furnished  by  either  the  San  Francisco  Regional  Office  of 
the  Federal  Power  Commission  or  the  Juneau  office  of  the  U.  S.  Bureau  of 
Reclamation.  The  data  were  supplemented  and  updated  with  actual  records 
of  the  local  distributor  for  the  Juneau  area.  See  Exhibits  2,  4,  5 and  7. 
1-03  COORDINATION  WITH  OTHER  AGENCIES; 

a.  Federal  Power  Commission  - The  San  Francisco  Regional  Office  of 
the  Federal  Power  Commission  was  furnished  information  on  the  general 
status  of  the  project  when  the  authorizing  document  was  written.  General 
agreement  was  obtained  as  to  the  selected  site  location,  normal  pool  eleva- 
tion and  installed  caoacity.  The  Federal  Power  Commission  furnished  alter- 
native power  values  for  determination  of  benefits  as  stated  in  Exhibit  2. 
The  FPC  also  provided  the  power  values  used  for  scoping  the  project 
(Exhibit  4)  as  presented  in  Design  Memorandum  No.  3.  The  question  of  ade- 
quate reserves  was  also  coordinated  with  the  Federal  Power  Commission 
(Exhibits  1,  2 and  3).  In  these  letters,  requests  and  explanations  are 
given  for  reserve  capacity,  available  firm  power  and  alternative  value  of 
power. 
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b.  Bureau  of  Reclamation  - In  accordance  with  the  March  1962  agree- 
ment between  the  Department  of  the  Interior  and  the  Department  of  the  Army, 
the  Corps  of  Engineers  will  design  and  construct  the  project,  which,  upon 
completion,  will  be  operated  and  maintained  by  the  Bureau  of  Reclamation. 

The  Bureau's  prime  responsibility  will  be  to  operate  and  maintain  the 
reservoirs,  penstocks,  powerplant  and  transmission  lines.  The  Bureau  also 
has  the  responsibility  of  marketing  the  power.  Close  liaison  has  been  main- 
tained with  the  U.  S.  Bureau  of  Reclamation  to  facilitate  joint  agreement 
in  project  development.  The  Bureau  has  provided  transmission  line  criteria, 
load  growth  data  and  general  information  as  well  as  suggestions  for  project 
improvement  based  on  experience  gained  through  operation  of  Eklutna  and 
other  projects. 

1-04  PREVIOUS  STUDIES  AND  PROPOSED  POWER  INSTALLATION: 

The  power  potential  of  Crater  and  Long  Lakes  has  been  investigated  by 
both  private  and  governmental  interests.  The  first  investigations  were  made 
in  1913.  In  1922,  a second  investigation  was  made  and  in  1928  extensive 
investigations  were  carried  on  by  a Mr.  George  T.  Cameron.  The  U.  S.  Bureau 
of  Reclamation  began  field  investigations  of  the  project  in  1958  and  the 
feasibility  report  was  completed  in  July  1959.  The  report  titled,  "Crater- 
Long  Lake  Division,  Snettisham  Project,  Alaska,"  was  published  early  in  1961 
as  House  Document  No.  40,  87th  Congress,  1st  Session.  Power  investigations 
and  studies  performed  to  complete  the  feasibility  report  recommended  a 
three  stage  project  of  three  units  with  a total  installed  capacity  of  48,000 
KW.  Shortly  thereafter  the  potential  industrial  load  upon  which  the  project 
feasibility  has  been  based  was  eliminated  by  the  decision  of  the  Georgia 
Pacific  Alaska  Corporation  to  forego  construction  of  a newsprint  mill  in  the 


area.  This  situation  created  a substantial  change  in  assumed  marketing 
conditions  for  the  Snettisham  project  and  precipitated  a review  of  the  plan 
of  development  and  economic  feasibility.  The  project  was  reanalyzed  and  a 
reappraisal  recommended  an  increase  in  installed  capacity  to  60,000  KW  with 
only  minor  revisions  in  other  phases  of  the  project;  however,  the  authoriz- 
ing document  and  substantiating  material  called  attention  to  the  possibility 
of  project  improvement  with  a dam  at  the  Long  Lake  outlet.  Power  and  regu- 
lation studies  conducted  by  the  Corps  of  Engineers  have  shown  that  an  eighty- 
foot  dam  to  elevation  895  will  yield  maximvun  net  benefits.  The  presently 
recommended  project,  as  outlined  in  Design  Memorandum  No.  3,  is  a two  stage 
plan  with  three  equally  sized  units  and  a total  installed  capacity  of 
60,900  KW.  The  following  tabulation  gives  pertinent  comparative  project 
and  powerplant  data: 


A 

US8R 

Cofl^ 

V 

Item 

1958 

1961 

1J05 

Generators  rated  Capacity  KW 

48,000 

60,000 

Oi)  ,9  h) 

Power  Factor 

0.9 

0.9 

0.9 

Type  of  Turbine 

Francis 

Francis 

Francis 

Turbine  rated  Capacity  ilP 

65,760 

82,200 

83,430 

Synchronous  speed,  RPM 

i/ 

y 

514 

Initial  Installation 

Units  Installed 

1 

1 

2 

Skeleton  Units 

2 

2 

1 

Plant  rated  Capacity  ICW 

16,000 

20,000 

40,600 

Ultimate  Installation 

Units  Installed 

3 

3 

3 

Plant  rated  Capacity  KW 

48,000 

60,000 

60,900 

Overload  Capacity  KW 

1/ 

y 

70,000 

*:• 

W 

Maximum  Pool 

Long  Lake 

815 

815 

895 

Crater  Lake 

1022 

1022 

1022 

Minimum  Pool 

Long  Lake 

650 

647 

723 

! 

Crater  Lake 

820 

820 

828 

1/  Unknown 
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SECTION  2 - POWER  MARKET  AND  LOAD  GROlVTll 
2-01  POWER  MARKET 

The  market  for  project  power  would  be  domestic,  commercial,  indus- 
trial, and  incidental  electrical  loads  in  the  Juneau  power  market  area. 
Present  Juneau  industries  are  built  around  governmental  operations  and 
the  utilization  of  the  natural  resources  of  fish  and  forests.  Gold  mines 
and  mills  were  once  major  users  of  power  but  arc  now  dormant  because  of 
adverse  economic  factors.  Establishment  of  a pulp  mill  in  the  Jmeau 
area  would  increase  utilization  of  timber  resources  and  increase  industrial 
power  demand.  Justification  for  the  project  is  based  on  the  future  power 
needs  of  residential,  commercial,  small  industrial  and  public  agency  users. 
The  power  market  area  for  the  project  is  limited  by  two  factors:  first, 
adverse  topography  and  heavy  forest  cover  shorten  the  distance  of  econo- 
mical power  transmission;  and  second,  electrical  demands  in  Juneau  and 
vicinity  are  expected  to  require  the  entire  plant  output.  The  market  area 
to  which  power  could  be  delivered  extends  northwest  of  Juneau  to  the 
southern  readies  of  Lynn  Canal,  west  to  include  all  of  Douglas  Island, 
northeast  to  the  Taku  River  mining  district,  and  southeast  to  the  Tracy 
Arm  mineral  zones.  Transmission  distances  in  any  direction  would  not 
exceed  60  miles. 

a.  Geography  - Tlie  Juneau  trading  area  extends  from  Cape 
Fanshaw  to  Glacier  day  along  the  mainland  and  includes  Douglas  Island 
and  the  north  and  eastern  sides  of  Admiralty  Island.  Gastineau  Channel, 
a narrow,  salt  water  diannel,  separates  Douglas  Island  from  the  mainland. 
The  City  of  Douglas,  located  on  Douglas  Island,  is  connected  to  Juneau  by 
2 miles  of  paved  highway  and  a steel  bridge  across  Gastineau  Channel. 


Mt.  Roocils  and  Mt.  Juneau  rise  abruptly  behind  Juneau  to  elevations  of 
3,819  feet  and  3,576  feet,  respectively.  Beyond  these  peaks  to  the  east, 
higher  peaks  and  the  Juneau  ice  fields  are  encountered.  To  the  west, 

Douglas  Island,  Admiralty  Island  and  Chichagof  Island  intervene  between 
Juneau  and  the  open  Pacific  Ocean  some  80  miles  away.  To  the  north,  Lynn 
Canal  and  Favorite  Oiannel,  long  fingers  of  the  sea,  extends  65  miles  from 
Tee  Harbor,  near  Juneau,  to  Haines,  liaines  is  the  terminus  of  the  only 
Alaska  Highway  link  to  southeast  Alaska.  To  the  south,  900  miles  of 
islands,  salt  water  passages  and  open  sea,  separates  Juneau  from  Seattle, 

Washington. 

b.  History  - The  northern  part  of  southeastern  Alaska  was 
explored  in  1794  by  Vancouver,  the  Unglish  navigator.  The  area  was  nomi- 
nally under  Russian  control  until  1867  when  the  United  States  purchased 
Alaska.  There  was  little  activity  in  the  Gastineau  Channel  area  until  the 
discovery  of  gold  bearing  quartz  and  rich  gravels  in  the  Gold  Creek  Basin 
in  the  summer  of  1880.  Numerous  locations  were  made  during  the  following 
year,  including  quartz  claims  on  Douglas  Island.  Development  of  the  large, 
low-grade  ore  bodies  was  rapid  and  the  Juneau  area  soon  became  the  most 
iii^ortant  producer  in  Alaska.  In  1900  the  seat  of  government  was  offi- 
cially transferred  to  Juneau  from  Sitka,  although  the  actual  move  was  made 
gradually  over  several  years.  The  area  has  experienced  a steady  growth, 
with  minor  fluctuations,  since  its  first  settlement.  In  spite  of  con^letc 
cessation  of  mining  in  1944  growth  has  continued.  Increasing  governmental 
activities  are  chiefly  responsible  for  this  situation.  Fishing,  lumbering 
and  touilsiii  presently  provide  an  important  diversification  of  the  economic 

b.isc.  iiie  surrounding  untapped  timber  resources  arc  e;q)ected  to  play  an 
important  part  in  the  area's  future  economy. 
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c.  Climate  - The  outstanding  features  of  Juneau's  climate  are 
heavy  precipitation  and  mild  temperatures.  Mormal  annual  precipitation  is 
9U.1  inches,  although  this  varies  markedly  with  little  change  in  altitude 
or  distance.  Annual  snowfall  averages  about  lUO  inches.  iVinter  rains  and 
mild  temperatures  normally  preclude  a large  accumulation  of  snow  on  the 
ground.  Juneau  has  a July  mean  temperature  of  56°F  and  a January  mean  of 
2J.5”F,  the  latter  about  the  same  as  that  of  Salt  Lake  City,  Utali.  ilie 
lowest  temperature  recorded  at  Juneau  was  -15*F  and  the  highest  w.is  SJ®!-. 

At  the  Juneau  airport,  8 miles  nortnwest  of  the  city,  the  range  in  tenper- 
atures  is  slightly  greater  and  the  normal  annual  precipitation  is  about 
two-thirds  that  of  Juneau.  There  is  an  average  of  11  days  each  year  of 
minimum  temperature  below  zero  at  the  airport  compared  with  2 days  at 
Juneau. 

d.  Juneau  - Juneau  was  built,  for  ti\c  most  part,  on  the  lower 
slopes  of  Mt.  Juneau  and  Mt.  Roberts,  the  city  making  a picturesque  appear- 
ance against  a backdrop  of  steep  mountains.  Virtually  all  of  the  flat  land 
along  the  shoreline  has  been  created  by  a fill  of  mine  tailings.  Many  of 
its  buildings  are  supporreJ  by  wood  piling.  Although  evidence  of  its  early 
history  can  still  be  seen,  Juneau  is  a thriving,  modem  community.  Large 
office  buildings  attest  to  its  major  source  of  income.  Many  new  homes, 
apartments  and  other  buildings  are  evidence  of  its  continuing  growtl',  its 
commercial  establishments  and  professional  services  can  meet  practically 
all  requirements  commensurate  with  the  needs  and  it  is  the  primary  trading 
center  for  the  entire  area.  Utility  services  are  provided  by  both  the  city 
and  private  companies.  The  water  system  is  municipally  owned.  Electric 
and  telephone  services  are  supplied  by  private  corporations,  .i  ciiicicnt 
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volulUary  fire  department  with  modem  equipment  provides  fire  protection. 

The  Juneau  airi^ort,  8 miles  nortnwest  of  the  city,  is  municipally  owned 
and  operated.  A paved,  G,5U0  foot  long  runway  accommodates  jets  and  the 
four-engine  Constellations  used  by  major  airlines.  Within  the  city  limits 
n Seaplane  tei'iuinus  is  tlie  base  of  operations  for  local  fligiits  to  roost 
southeastern  Alaska  cities  .uie  vil  lathes. 

e.  utiier  -ities  ana  iacilitics  - Auout  30  miles  of  im- 

proved highway,  over  half  of  which  is  paved,  provides  easy  access  to  Juneau 
from  small  communities  and  rural  homesites  on  the  mainland  and  on  Douglas 
Island.  Most  of  the  suburban  residents  are  en^loycd  in  Juneau.  Douglas, 
the  only  other  incorporated  city  in  that  area,  is  located  on  Douglas  Island. 
Although  it  was  larger  tlian  Juneau  early  in  the  century,  it  is  now  princi- 
pally a residential  suburb  of  the  capitol.  Some  commercial  services  are 
available  in  Dougliis;  hovfever,  most  shopping  is  done  in  Jiuieau.  The  City 
of  Douglas  maintains  its  own  water  and  sewer  system,  streets,  etc.  Auke 
Bay  is  the  only  other  populated  area  that  provides  limited  commercial  and 
community  services.  ..itJiough  small  at  the  present  time,  it  promises  to 
expand  rapidly  as  the  Juneau  area  grows,  llie  Alaska  ferry  now  docks  near 
Auke  Bay  and  is  providing  increased  economic  benefits  to  tne  entire  area 
due  to  increased  tourist  traffic.  The  entire  Juneau  area  is  within  the 
Juneau-Douglas  Independent  School  District.  The  sdiool  facilities  ure 
modem  and  educational  standards  are  rated  quite  high.  A new  high  sciiool 
was  completed  early  in  1958  and  addition  of  an  adjoining  gymnasium  and 
auditorium  was  recently  completed.  In  addition  to  the  public  school  sys- 
tem, a parochial  grade  school  is  also  located  in  Juneau, 
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In  iy08,  the  City  of  Juneau  gave  the  Al.iil.a  Llcctric  Liglit  and  Power 
Company  a 50-year  franchise.  Gold  Creek  hydroelectric  plant  with  an  in- 
stalled capacity  of  800  kilowatts  was  completed  in  1014;  however,  low  winter 
flows  precluded  firm  power.  The  company  continued  to  supply  the  winter  load 
with  steam  engine  driven  generators  until  1017  when  the  Alaska-Juneau  Gold 
Mining  Company  (now  known  as  A-J  Industries)  constructed  an  8,000  kilowatt 
oil-fired  steam  plant.  Uy  1015  A-J  Industries  owned  5 hydroelectric  plants 
with  an  installed  capacity  of  13,505  kilowatts.  Two  of  these  developments, 
■'Nugget  Creek  and  Sheep  Creek  were  run-of-river  plants  and  consequently  were 
useless  in  winter.  A 170  foot  high  concrete  arch  dam,  built  in  1015  on 
Salmon  Creek,  impounded  10,000  acre- feet  of  water  for  use  by  the  two  Salmon 
Creek  plants.  Total  installed  capacity  of  the  two  plants  was  5,600  kilo- 
watts, but  usable  capacity  does  not  exceed  4,400  kilowatts  at  present.  At 
the  Annex  Creek  plant,  two  1,400  kilowatt  units  were  installed.  Tliey  are 
supplied  by  water  from  Upper  Ajinex  Lake  which  provides  23,000  acre-feet  of 
storage.  A sixth  hydroelectric  plant  owned  by  the  mining  con^any,  Treadwell 
Ditch  No.  1 on  Douglas  Island,  had  an  installed  capacity  of  1,000  kilowatts 
but  like  Nugget  Creek  and  Sheep  Creek,  had  no  water  supply  in  winter.  Tlio 
original  development  of  water  power  at  this  site  was  begun  in  1882,  but 
generators  were  not  installed  until  1022.  All  these  plants  were  operated 
at  almost  full  capability  until  1042,  when  raining  operations  were  curtailed. 
Complete  shutdown  of  the  gold  mine  in  1044  idled  a good  portion  of  the  gen- 
erating capacity  of  the  mining  company.  Until  1057  the  industry  attempted 
to  maintain  mine,  mill  and  powerplants  in  a reasonable  state  of  repair  in 
anticipation  of  reopening  the  mine  at  some  future  date.  Through  disuse, 
however,  waterways  of  the  Nugget  Creek  and  Sheep  Creek  plants  deteriorated 
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ultil  they  are  not  now  in  operating  condition  and  the  8,Udd  KW  steai.i  plant 
is  beyond  repair.  In  Marcli  of  1962  A-J  Industries  applied  for  a 50-year 
renewal  of  its  Salmon  and  Annex  Creek  iiydro  sites  but  did  not  include  Sheep 
Creek,  Nugget  Creek  or  Treadwell  Ditch.  A 25-year  license  was  suosequently 
issued  by  FPC  in  October  of  19o3  with  stipulations  requiring  rehabilitation 
of  all  portions  of  both  sites  over  a five  year  period.  In  li'49  and  1950 
the  Alaska  Hlectric  Light  and  Power  Company  replaced  the  penstock  at  its 
Cold  Creek  plant  and  installed  a new  800  kilowatt  hydroelectric  unit  to 
supplement  the  existing  installation.  No  new  storage  weis  provided;  however, 
and  the  units  are  idle  in  winter.  Only  the  Gold  Creek  plant  of  the  Alaska 
Hlectric  Light  and  Power  Company  was  built  for  the  exclusive  purpose  of 
supplying  power  to  the  community.  All  other  capacity  may,  if  needed,  be 
diverted  for  private  industrial  uses.  Taking  cognizance  of  this  fact  and 
its  own  lack  of  firm  capacity  in  winter,  Alaska  H)  metric  Light  auid  Power 
ComiJany  added  a 1,250  kilowatt  diesel  unit  at  ics  Golo  [ihuit  in  1952 

and  a second  identical  unit  in  1954.  In  >.._o  ....  ...is  added, 

increasing  Alaska  Light  and  Power  Compaiiy  firm  capacity  to  7,590  HN. 

The  Juneau  area  with  its  nearby  communities  of  Dougliis  and  Tnane  and 
tiic  rural  loads  south  of  the  Mondennall  River  arc  served  oy  the  Alaska 
Hlectric  Light  and  Power  Company.  Fifty  to  seventy  percent  of  its  total 
power  requirements  are  purchased  from  A-J  Industries.  A-J  Industries  owns 
presently  installed  hydroelectric  capacity  of  3,400  kilowatts  and  inopera- 
tive hydroelectric  and  steam  capacity  of  15,905  kilowatts.  Tlie  maximum 
firm  generation  which  these  plants  could  produce  without  extensive  repairs 
is  about  7,200  kilowatts.  Tliis  dependable  capacity  is  represented  by  the 
Salmon  Creek  and  /\nnex  Creek  plants.  A 25,000  volt  tra,ismission  system 
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In  iy08,  the  City  of  Juneau  gave  tne  Alaska  Lloctric  Lignt  and  Power 


Coiiqiany  a SO-yoar  franchise.  Gold  Creek  iiydroelectric  plant  with  an  in- 
stalled capacity  of  800  kilowatts  was  completed  in  1014;  however,  low  winter 
flows  precluded  firm  power.  The  company  continued  to  supply  the  winter  load 
with  steam  engine  driven  generators  until  1017  when  the  Alaska-Juneau  Gold 
Mining  Company  (now  known  as  A-J  Industries)  constructed  an  8,000  kilowatt 
oil-fired  steam  plant.  8y  1015  A-J  Industries  owned  5 hydroelectric  plants 
with  an  installed  capacity  of  13,505  kilowatts.  Two  of  these  developments, 
•'Nugget  Creek  and  Sheep  Creek  were  run-of-river  plants  and  consequently  were 
useless  in  winter.  A 170  foot  high  concrete  arch  dan,  built  in  1015  on 
Salmon  Creek,  impounded  10,000  acre- feet  of  water  for  use  by  the  two  Salmon 
Creek  plants.  Total  installed  capacity  of  the  two  plants  was  5,600  kilo- 
watts, but  usable  capacity  does  not  exceed  4,400  kilowatts  at  present.  At 
the  Annex  Creek  plant,  two  1,400  kilowatt  units  were  installed,  Tliey  are 
supplied  by  water  from  Upper  ,\nnex  Lake  which  provides  23,000  acre- feet  of 
storage.  A sixth  hydroelectric  plant  owned  by  tiie  mining  compajiy,  Treadwell 
Oitch  .'4o.  1 on  Oouglas  Island,  Itad  an  installed  capacity  of  1,000  kilowatts 
but  like  Nugget  Creek  and  Sheep  Creek,  had  no  water  supply  in  winter.  Tlie 
original  development  of  water  power  at  this  site  was  begun  in  1882,  but 
generators  were  not  installed  until  1022.  All  these  plants  were  operated 
at  almost  full  capability  until  1042,  when  mining  operations  were  curtailed. 
Complete  shutdown  of  the  gold  mine  in  1044  idled  a good  portion  of  the  gen- 
erating capacity  of  the  mining  company.  Until  1057  the  industry  attempted 
to  maintain  mine,  mill  and  powerplants  in  a reasonable  state  of  repair  in 
anticipation  of  reopening  the  mine  at  some  future  date.  Through  disuse, 
however,  waterways  of  the  Nugget  Creek  and  Sheep  Creek  plants  deteriorated 
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until  they  are  not  now  in  operating  condition  and  the  8,000  KW  steaw  plant 
is  beyond  repair.  In  Marcii  of  1002  A-J  Industries  applied  for  a 50-year 
renewal  of  its  Salmon  and  Annex  Creek  jiydro  sites  but  did  not  include  Sheep 
Creek,  Nugget  Creek  or  Treadwell  Uiten.  A 25-year  license  was  suosequently 
issued  by  FPC  in  October  of  10o5  with  stipulations  requiring  rehabilitation 
of  all  portions  of  both  sites  over  a five  year  period.  In  1'.'49  and  1050 
the  Alaska  Hlectric  Light  and  Power  Company  replaced  the  penstock  at  its 
Gold  Creek  plant  and  installed  a new  800  kilowatt  hydroelectric  unit  to 
supplement  the  existing  installation.  No  new  storage  was  ’provided;  however, 
and  the  units  are  idle  in  winter.  Only  the  Gold  Creek  plant  of  the  Alaska 
hlectric  Light  and  Power  Company  was  built  for  the  exclusive  purpose  of 
supplying  power  to  the  community.  All  other  capacity  may,  if  needed,  be 
diverted  for  private  industrial  uses,  faking  cognizajice  of  this  fact  and 
its  own  lack  of  firm  capacity  in  winter,  Alaska  D ^ctric  Light  and  Power 
Company  added  a 1,250  kilowatt  diesel  luiit  ai  i is  Golu  Crei'i\  plant  in  lo52 
and  a second  identical  ujiit  in  1054.  In  lnu.->  ..  ....  ...is  added, 

increasing  Alaska  Light  and  Power  Company  firm  capacity  to  7,500 

The  Juneau  area  with  its  nearby  communities  of  Douglas  and  Inane  and 
tlie  rural  loads  south  of  the  Mendennall  lUver  arc  served  uy  the  Alaska 
hlectric  Light  and  Power  Company.  Fifty  to  seventy  percent  of  its  total 
power  requirements  are  purchased  from  A-J  Industries.  A-J  Industries  owns 
presently  installed  hydroelectric  ca-pacity  of  .1,  IJO  kilowatts  .and  inopera- 
tive hydroelectric  and  steam  capacity  of  15,005  kilowatts.  'Die  maximum 
firm  generation  which  these  plants  could  produce  witliout  extensive  repairs 
is  .about  7,200  kilowatts,  lliis  dependable  capacity  is  represented  by  the 
Salmon  Creek  and  /\nnex  Creek  plants,  A 25,000  volt  trinismission  system 
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interconnects  all  tlie  mining  company's  hydroelectric  plants  with  a sub- 
station near  the  old  steam-generating  plant  in  Juneau.  Through  the  dis- 
tribution system  of  the  Alaska  Hlectric  Light  and  Power  Company,  the 
utility's  Gold  Creek  plant  interconnects  witli  the  mining  company's  power 
system.  During  January  1%5  the  peaking  demand  for  all  the  intercennected 
plants  was  reported  as  10,000  kilowatts  as  listed  in  Table  1.  However,  the 
peak  demand  listed  does  not  include  any  power  retailed  by  A-J  Industries. 
Table  2 summarizes  the  above  electric  developments  of  the  Juneau  area. 

The  Juneau  area  has  sufficient  power  capacity  to  meet  its  present 
power  requirements;  however,  the  usual  benefit  of  low-cost  power  from  hydro 
sources  is  not  apparent.  Wholesale  rates  arc  high,  necessitating  relatively 
high  retail  rates.  The  Alaska  hlectric  Light  and  Power  Company  has  paid 
from  15  to  27.5  mills  per  kilowqtt-hour  (depending  on  point  of  delivery) 
for  energy  purchased  from  A-J  Industries.  Average  for  all  energy  purdiased 
in  1958  was  17.3  mills.  Recent  hearings  before  the  State  Utilities  Commis- 
sion indicate  this  figure  may  average  22,5  mills  in  the  future.  Tlie 
Glacier  Highway  Electric  Association  has  been  paying  a flat  rate  of  22.5 
mills  per  kilowatt-hour  for  energy  purchased  from  Alaska  Electric  Light  and 
Power  Company,  The  Glacier  Highway  Electric  Association,  an  R.E.A.- 
financed  cooperative  serves  aji  area  north  of  Juneau  whidi  includes  Auke 
Bay.  They  do  not  have  production  capability  except  for  a 125  KW  standby 
unit  and  purdiase  all  of  their  energy  from  Alaska  Light  and  Power  Company. 
2-02  LOAD  GROWTH 

In  arriving  at  the  power  forecast  (Table  3 and  Exhibit  4)  for  the 
Juneau  market  area,  the  Bureau  of  Reclamation  considered  the  factors  of 
future  high  levels  of  employment,  income  and  probable  development  of  new 


local  use  industries  in  conjunction  with  expansion  of  existing  ones. 

Greatly  increased  utilization  of  the  vast  tinber  resources  of  the  Juneau 
area  is  anticipated  within  the  next  few  years.  As  the  State  Capitol, 
Juneau's  governmental  facilities  should  undergo  continued  expansion.  With 
new  local  use  industry  and  more  governmental  activities,  it  is  estimated 
that  the  196S  population  of  approximately  ll.UUU  people  will  double  by 
1975.  Electricity  is  presently  a well-used  commodity  in  Juneau  area  homes. 
Furthermore,  average  customer  use  is  rapidly  increasing  each  year.  A drop 
in  retail  power  rates  with  availability  of  project  power  could  be  expected 
to  accelerate  the  rate  of  increase  in  use.  Assuming  project  completion, 
the  average  customer  of  1975  would  pfobably  use  8,000  to  10,000  kilowatt- 
hours  a year.  The  average  use  of  electricity  by  commercial  establishments 

o 

is  relatively  low  at  the  present  time;  however,  there  is  every  likelihood 
that  this  use  will  also  increase  steadily.  Competition  has  become  more 
keen  within  the  past  few  years  and  modem  lighting,  advertising  and  display 
are  being  used  more  extensively.  New  conunercial  buildings  are  being  built 
in  downtown  Juneau,  as  well  as  new  shopping  centers  in  outlying  areas,  such 
as  Auke  Bay  and  Douglas.  Such  new  construction  incorporates  modem  design 
and  increased  use  of  electricity.  As  the  capitol  of  the  new  state  govern- 
mental activities  continues  to  grow,  a steady  increase  of  Federal  Govern- 
ment activities  can  also  be  expected.  With  the  lower  cost  in  power,  street 
lighting  will  become  a substantial  part  of  the  power  load.  Small  local  use 
industry  is  continuing  to  grow  to  supply  the  increasing  needs  of  the  Juneau 
area.  In  the  past,  the  growth  of  the  power  market  for  the  Juneau  area  has 
consistently  been  underestimated.  However,  the  Bureau  of  Reclamation  has 
developed  a realistic  growth  rate  in  their  letter  of  24  February,  Exhibit  4. 
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Power  requirements  for  tlie  Juneau  ar:;a  arc  shovai  in  Taule  5 aini 
lixliibit  4.  To  conform  witii  tlie  economic  studies  siiown  in  Design  Memo  Jo,  3, 
tlie  forecast  is  expressed  iii  terms  of  fiscal  years.  Typical  daily,  weekly, 
and  annual  load  shapes  are  presented  in  Table  4.  I'rom  tne  forecast  power 
requirements  and  the  load  sliapes  as  developed  it  is  anticipated  ' 'lai  ti-, 
first  unit  ef  Long  Lake  which  is  scheduled  to  go  on  line  duri.ig  Y .i 

1070  will  meet  demand  until  1072  at  uliicii  time  the  secoiid  unit  of  Long  Lake 
will  go  on  line.  The  Lj.  • i.iikc  ,)liasc  will  meet  the  dciaand  until  1970  at 
..ill  cu  tii..e  (Irater  Lake  will  co.iic  on  line.  Tiic  combined  projects  will  tnen 
reach  maximum  capability  in  lOSo  at  wliich  time  a new  source  of  power  must 
be  ready.  Power  requirements  and  sciieduling  of  units  is  shown  on  Chart  3 
and  Table  14. 

2-04  LXISTI.JG  ;V1D  FUTURL  RLSLRVTIS 

As  pointed  out  in  paragraph  2-01,  the  present  combined  capacity  of 
the  Alaska  Llcctric  i.ight  and  Power  Company  and  A-.J  Industries  is  aoout 
14,500  KW  (Table  2)  including  aoout  4.120  ICii  of  reserve.  The  present  peak 
demand  in  tne  Juneau  area  is  about  10,000  wW.  Uased  on  the  Fi’C  reserve 
requirements,  the  Juneau  area  will  no  longer  be  aole  to  meet  deman  i and 
have  an  adequate  reserve  after  demand  passes  10,500  Kiii.  Tne  Federal  Power 
Commission  recommends  that  the  minimum  reserve  in  any  system  be  equal  to 
tile  capacity  of  its  largest  unit.  After  demand  reaches  10,500  kiV  (TJ65  or 
1966)  ;ind  providing  no  other  power  source  has  been  added  to  the  system,  the 
area  demand  will  encroacli  on  the  4,120  KW  reserve.  Thi  t will  mean  that 
Alaska  Electric  Light  and  i’owcr  Company  must  eitlior  purchase  more  produc- 
tion cjipability  or  take  tlie  risk  of  inadequate  reserves  until  tne 
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Snettisham  project  is  on  line.  When  the  Snettisham  project  comes  on  line, 
it  is  believed  that  existing  reserves  in  Juneau  will  be  about  10,000  KW  of 
hydro  and  10,000  KW  of  diesel.  The  power  market  study  shows  only  that  por- 
tion of  the  total  power  requirements  of  the  area  which  might  reasonably  be 
supplied  by  project  power.  Locally  available  power  wholesales  at  a high 
rate  at  the  present  time  although  its  actual  cost  of  production  is  unknown. 
Therefore,  present  productive  capability  has  not  been  considered  as  compe- 
titive with  the  cost  of  project  power.  Project  power  would  thus  be  used 
to  supply  the  entire  load  of  the  area  until  fully  utilized. 
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SECTION  3 - BASES  FOR  f'Oty't.R  ,\..Ai.V5iS 
3-01  PROJECT  AND  SYSTEM  OPERATING  CONDITIONS 

ao  General  “ The  fifty-year  economic  life  of  the  Snettisham  project 
will  span  two  general  power  system  operational  conditions^  For  purposes  of 
this  study £,  Snettisham  development  has  been  separated  into  two  different 
length  periods.  The  first  period  contains  the  full  two  stage  construction 
sequence  of  three  unit  installation  and  covers  the  years  when  demand  is  less 
than  plant  capability.  The  load  growth  forecast  indicates  that  the  first 
period  will  last  approximately  thirteen  years.  The  second  period  includes 
the  balance  of  the  fifty*year  economic  life  with  full  project  capability  re- 
quired, Conditions  chosen  for  each  period  were  assumed  to  be  approximately 
representative  of  the  entire  period, 

b.  Growth  Period  > The  first  construction  stage  includes  all  Long 
Lake  features  and  both  of  the  Long  Lake  units  to  meet  the  Juneau  require- 
ments until  Fiscal  Year  1979,  The  initial  point j,  with  reference  to  time 
and  system  development  for  power  installation  studies  and  evaluation  of  the 
recommended  power  development,  has  been  assumed  to  be  the  presently  sched- 
uled and  earliest  completion  date,  December  1969,  The  second  construction 
stage  Will  complete  the  project  by  adding  all  features  of  Crater  Lake  in- 
cluding a third  unit.  Full  capability  of  second-stage  construction  and  the 
project  will  be  reached  in  approximately  1983,  Numerous  studies  were  made 
of  the  growth  period  with  variable  growth  rates  and  using  synthetic  inflow 
patterns  as  described  in  paragraph  3-03,  A typical  summary  of  operation 
during  the  growth  period  is  included  as  Table  11, 

Second  Period  = Although  the  second  period  only  covers  thirty 
seven  years  of  the  economic  life,  full  fifty-year  studies  of  regulation 
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and  power  production  were  made  for  both  Long  and  Crater  Lakes.  Period  of 
record  flows  were  used  for  the  detail  studies.  Hie  first  analysis  year  for 
Long  Lake  was  assumed  to  be  1983  and  con^ared  to  calendar  year  1916.  In 
order  to  maintain  compatability  of  calendar  years ^ the  first  analysis  year 
for  Crater  Lake  was  assumed  to  be  1980  since  the  first  year  of  record  is 
1913.  Details  of  studios  during  t'p-  ’oriod  arc  listed  on  Tables  5 througli 
10  and  shown  on  Plates  2 through  14. 

3-02  STREANIFLOW  AND  PERIOD  OF  RECORD 

The  U.  S.  Geological  Survey  collects  streamflow  records  at  Long  River 
and  Dorothy  Creek,  near  Juneau.  Streamflow  records  used  in  this  study  are 
as  follows; 


Station 


Period  of  Record  Drainage  Area  (sq  mil 


Crater  Creek  at  Crater  Lake  Outlet  Feb  '13  to  Dec  '20 

Jun  '23  to  Sep  '23 
Jun  '24  to  Sep  '24 
Jun  '27  to  Dec  '32 


Dorothy  Creek  near  Juneau 


Oct  '29  to  Oct  Ml 


Sep  '42  to  Dec  M3 


Long  River  near  Juneau 


Jun  M4  to  present 
Oct  ' 15  to  Sep  '24 


Oct  '26  to  Dec  '26 


Jun  '27  to  May  '33 
Oct  '51  to  present 

These  three  stations  were  correlated  with  each  other  to  develop  continuous 
streamflow  data  from  1916  to  1964  for  Long  River  and  from  1913  to  1964  for 
Crater  Creek.  Tables  15  and  16  contain  this  data.  Correlation  proceduircs 
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described  in  l^o  U.  beards'  "Statistical  Methods  in  Hydrology"  were  used. 
Details  of  the  methods  used  in  correlating  the  flows  of  Dorothy  Creek, 

Long  River  and  Crater  Creek  arc  presented  in  Design  Memorandum  Mo.  1, 
Hydrology.  Use  of  these  flows  to  develop  simulated  monthly  flows  is  de- 
scribed in  detail  in  Design  Memorandum  No.  7,  main  report. 

3-03  SIMUUTCD  MONTHLY  FLOWS 

The  present  practice  in  design  of  water  resource  projects  includes 
the  routing  of  monthly  strcamflows  based  on  past  records  througii  project 
facilities  in  order  to  determine  project  accon^^lishments . A system  of 
synthesizing  monthly  runoff  is  used  to  overcome  some  of  the  deficiencies 
in  the  present  practice  of  assuming  that  historical  runoff  will  be  repeated. 
Synthesizing  permits  a rc^lsonable  matliematical  determination  of  expected 
project  benefits  insofar  as  hydrologic  factors  arc  concerned.  In  order  to 
examine  the  project  under  more  realistic  assuii^tions , forty  50-ycar  periods 
of  monthly  records  were  generated  synthetically  using  the  procedures  out- 
lined in  "Technical  Bulletin  No.  1,  Simulation  of  Monthly  Runofr*  published 
by  the  Hydrologic  Engineering  Center  of  the  U,  S,  Army  Corps  of  Engineers, 
Sacramento,  Califoniia,  in  November  1^64.  The  project  wcis  then  examined 
using  higher  than  and  lower  than  normal  flows  for  the  next  50-year  period. 
The  results  of  this  examination  show  that  should  the  next  50  years  be  con- 
siderably wetter  than  normal,  the  effect  on  prime  power  would  be  negligi- 
ble. However,  should  the  next  50  years  be  considerably  dryer  than  the  pre- 
vious 50  years,  the  effect  would  be  a reduction  of  to  3 percent  in  the 
amount  of  prime  power  that  could  be  generated  and  that  the  project  could 
actually  go  dry  if  tlie  prime  capability  was  maintained.  A frequency 
curve  was  derived  using  the  values  of  the  developed  forty  50-year  periods 
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j and  is  shown  on  Chart  4.  As  may  be  seen  from  this  chart,  there  is  a 90 

percent  chance  that  the  average  annual  volume  in  acre- feet  for  vik  next  SO 
I years  will  be  in  the  range  of  316,500  to  330,400  acre-feet. 

r 

3-04  SEDIMENTATION  AND  EVAPORATION: 

a.  There  are  no  data  presently  available  concerning  the  actual  sediment 
loads  carried  by  streams  tributary  to  the  Long  Lake  reservoir.  Evaporation 
studies  are  detailed  in  Design  Memorandum  No.  1 but  show  no  significant  losses. 
These  streams  are  predominately  glacial  and  as  such  carry  significant  sus- 
pended sediment  and  bed  loads.  Measurements  of  the  amount  of  sediments  sus- 
pended in  the  lake  were  made  in  March  and  July  of  1965,  These  measurements 
indicate  an  average  sediment  concentration  near  the  outflow  of  about  5 parts 
per  million. 

b.  Because  of  the  lack  of  actual  sediment  inflow  rates,  it  is  not  pos- 
sible to  compute  the  annual  storage  depletion  by  direct  methods;  however,  a 
reasonable  estimate  may  be  made  by  indirect  methods.  The  Tonsina  River,  lo- 
cated in  the  Copper  River  Basin,  has  a drainage  area  with  characteristics 
similar  to  Long  Lake.  Forty-seven  suspended  sediment  measurements  made  during 
the  last  few  years  indicate  an  average  suspended  sediment  concentration  of 

t 

113  parts  per  million.  Subtracting  the  5 parts  per  million  mt'.osnred  at  the 
outflow  and  applying  this  ratio  to  Long  Lakes  annual  inflow  of  324,300  acre- 
feet  yields  an  annual  suspended  sediment  inflow  of  35  acre-feet  per  year. 

No  data  are  available  concerning  movement  as  bed  load;  however,  for  the  pur- 
pose of  this  study  an  average  annual  contribution  of  15  acre-feet  has  been 
1 assumed.  Observation  of  the  uniformity  of  the  suspended  sediment  concentra- 

i tion  through  the  lake  indicate  that  almost  all  of  the  inflowing  sediments 

are  deposited  shortly  after  reaching  the  lake  water;  therefore,  it  may  be 
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described  in  Leo  R.  beards'  "Statistical  Methods  in  Hydrology"  were  used. 
Details  of  the  methods  asod  in  correlating  the  flows  of  Dorothy  Creek, 

Long  River  and  Crater  Creek  arc  presented  in  Design  Memorandum  Ho.  1, 
ilydrology.  Use  of  these  flows  to  develop  simulated  montlily  flows  is  de- 
scribed in  detail  in  Design  Memorandum  Ho.  7,  main  report. 

3-03  SIMULATED  MOHTHLY  FLOWS 

The  present  practice  in  design  of  water  resource  projects  includes 
the  routing  of  monthly  streamflows  based  on  past  records  througli  project 
facilities  in  order  to  determine  project  accomplisnments , A system  of 
synthesizing  monthly  runoff  is  used  to  overcome  some  of  the  deficiencies 
in  the  present  practice  of  assuming  that  liistorical  runoff  will  be  repeated. 
Synthesizing  permits  a reasonable  mathematical  determination  of  expected 
project  benefits  insofar  as  hydrologic  factors  are  concerned.  In  order  to 
examine  the  project  under  more  realistic  assumptions,  forty  SO-year  periods 
of  monthly  records  were  generated  syntlietically  using  the  procedures  out- 
lined in  "Technical  Bulletin  Ho.  1,  Simulation  of  Montiily  Runoff'  published 
by  the  Hydrologic  Engineering  Center  of  the  U.  S,  Army  Corps  of  Engineers, 
Sacramento,  California,  in  Hovemoer  1D64.  The  project  was  then  examined 
using  higner  than  and  lower  than  normal  flows  for  the  next  50-year  period. 
The  results  of  this  examination  show  tliat  sliouid  Iho  n^xt  50  years  be  con- 
siderably wetter  tiian  normal,  the  effect  on  prime  power  would  be  negligi- 
ble. However,  sliould  the  next  50  years  be  considerably  dryer  than  tl»e  pre- 
vious 50  years,  the  effect  would  be  a reduction  of  up  to  3 percent  in  the 
amount  of  prime  power  that  could  be  generated  and  tnat  tiie  project  could 
actually  go  dry  if  the  prime  capability  was  maintained.  A frequency 
curve  was  derived  using  the  values  of  the  developed  forty  50-ycar  periods 
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and  is  shown  on  Chart  4.  As  may  be  seen  from  this  chart,  there  is  a 90 
percent  chance  that  the  average  annual  volume  in  acre- feet  fur  tiu  next  50 
years  will  be  in  the  range  of  316,500  to  330,400  acre-feet. 

3-04  SEDIMENTATION  AND  EVAPORATION: 

a.  There  are  no  data  presently  available  concerning  the  actual  sediment 
loads  carried  by  streams  tributary  to  the  Long  Lake  reservoir.  Evaporation 
studies  are  detailed  in  Design  Memorandum  No.  1 but  show  no  significant  losses. 
These  streams  are  predominately  glacial  and  as  such  carry  significant  sus- 
pended sediment  and  bed  loads.  Measurements  of  the  amount  of  sediments  sus- 
pended in  the  lake  were  made  in  March  and  July  of  1965.  These  measurements 
indicate  an  average  sediment  concentration  near  the  outflow  of  about  5 parts 
per  million. 

b.  Because  of  the  lack  of  actual  sediment  inflow  rates,  it  is  not  pos- 
sible to  compute  the  annual  storage  depletion  by  direct  methods;  however,  a 
reasonable  estimate  may  be  made  by  indirect  methods.  The  Tonsina  River,  lo- 
cated in  the  Copper  River  Basin,  has  a drainage  area  with  characteristics 
similar  to  Long  Lake.  Forty-seven  suspended  sediment  measurements  made  during 
the  last  few  years  indicate  an  average  suspended  sediment  concentration  of 
113  parts  per  million.  Subtracting  the  5 parts  per  million  mc.isured  at  the 
outflow  and  applying  this  ratio  to  Long  Lakes  annual  inflow  of  324,300  acre- 
feet  yields  an  annual  suspended  sediment  inflow  of  35  acre-feet  per  year. 

No  data  are  available  concerning  movement  as  bed  load;  however,  for  the  pur- 
pose of  this  study  an  average  annual  contribution  of  15  acre-feet  has  been 
assumed.  Observation  of  the  uniformity  of  the  suspended  sediment  concentra- 
tion through  the  lake  indicate  that  almost  all  of  the  inflowing  sediments 
are  deposited  shortly  after  reaching  the  lake  water;  therefore,  it  may  be 
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assumed  that  all  of  the  50  acre-feet  per  year  of  storage  depletion  will  occur 
in  live  storage. 

3-05  CRITICAL  PERIODS: 

a.  General  - For  the  period  of  record  flows  the  critical  periods  cor- 
responded very  closely  with  those  presented  in  the  authorizing  document.  How- 
ever, higher  demand  required  a slightly  longer  refilling  time  after  minimum 
pool.  The  critical  period  for  Long  Lake  extends  from  November  2014  to  Sep- 
tember 2031  which  corresponds  to  period  of  record  years  1949  to  1963  and  a 
recycle  period  of  1916  to  1918.  A proportionately  smaller  volume  of  storage 
in  Crater  Lake  causes  extensive  pool  fluctuations  throughout  the  period  of 
study  with  the  pool  approaching  minimum  several  times.  The  critical  period 
for  Crater  Lake  extended  from  November  1986  to  August  1991  or  the  water  year 
equivalent  of  1919  to  1924. 

b.  Synthetic  Flows  - Critical  periods  for  the  high  and  mean  synthetic 
flow  patterns  did  not  show  significant  difference  from  the  period  of  record 
flows;  however,  synthetic  low  flows  showed  a critical  period  much  more  severe 
than  the  period  of  record.  Since  the  critical  period  of  the  period  of  record 
is  normally  used  for  determination  of  dependable  capacity  and  primary  energy 
the  same  procedure  was  used  in  this  study.  The  significance  of  the  longer 
critical  period  is  discussed  in  paragraph  6-02, 

3-06  COST  OF  ALTERNATIVE  POWER: 

a.  General  - The  Federal  Power  Commission  provided  alternative  power 
values  for  computation  of  both  benefits  and  project  scoping.  Their  letters 
of  19  Feb  65  and  25  Feb  64  are  included  as  Exhibits  3 and  5. 

b.  Energy  - The  value  of  hydroelectric  energy  at  market  in  Juneau, 
Alaska,  based  on  cost  of  alternative  power  produced  at  a Juneau  steam- 
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electric  plant  is  estimated  to  be  6.‘J1  mills  per  kilowatt-hour.  This  fig- 
ure was  used  in  both  tlie  benefit  and  scoping  computations  developed  in 
Design  Memorandum  No.  3. 

c.  Capacity  - The  computation  of  benefits  as  presented  lierein  used 
a value  of  $65.11  per  kilowatt-year.  However,  the  scoping  analysis  pre- 
sented in  Design  Memorandum  No.  3 used  a capacity  value  of  $2D.ll  per 
kilowatt  year. 
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.SLC'11U.J  4 - POWLIl  STULilliS 


4-01  INTRODUCTION 

a.  Since  tlie  original  1058  feasibility  study  by  the  U,  S,  bureau  of 
Reclamation,  several  major  changes  have  called  for  reanalysis.  Prior  to 
Congressional  authorization,  tlie  Georgia-Pacific  ‘laska  Cn;:q)any  rclin- 
quished  their  rights  to  development  of  ..  .lenaprint  mill  in  tiie  area,  caus- 
ing a reanalysis  of  the  project  in  lOol,  burin.;  tne  above  reanalysis 
drilling  was  initiated  to  determine  the  feasibility  of  a dam  at  Long  Lake 
outlets.  Time  limitations  precluded  complete  examination  aiid  the  project 
was  authorized  witiiout  a dam  at  Long  Lake,  Subsequent  Corps  of  engineer 
studies  prior  to  final  construction  considered  reduction  in  unit  size  to 
provide  firmer  reserves  combining  the  reservoirs  by  raising  Long  Lake, 
updating  the  area's  power  demand  and  feasibility  of  a dam  at  the  Long  Lake 
outlet.  Results  presented  ii\  uesign  Memoraiidura  .lo.  3 recommend  aii  eignty 
foot  dam  at  Long  Lake,  three  equal  size  units  and  two  stacc  construction. 

b.  The  information  and  data  pro.n.i.vM  l this  anpendix  are  the 
results  of  detailed  analyses  of  tiie  recoiraaonueu  pl;iii.  .Vi  electronic  com- 
puter was  used  to  examine  maximum  project  potential,  revised  tailwater 
elevations,  rule  curve  operation,  synthetic  flow  patterns,  updated  load 
requirements,  updated  area-storage  curves  aiid  revised  efficiencies, 

.|-  )2  SCOPL 

a.  Preliminary  studies  were  made  to  examine  various  alternatives 
including  several  pool  elevations  for  botii  l-oiig  a.i>'  Ciatv'r  l,;.i.es  ami 
possible  combined  operations  by  lowering  Crater  i.ake  wnilc  raising  Long 
I.ake,  Other  variaules  considered  in  tiie  preliminary  studies  were  energy 
re  luiroi.ieiits , load  growth,  flow  patterns  and  construction  sequences.  In 


all,  eleven  alternative  plans  or  a minimum  of  33  different  conditions  were 
examined  to  determine  benefit-cost  comparisons  and  to  provide  the  basis  for 
the  incremental  scoping  analysis  presented  in  Design  Memorandum  No.  3. 


b.  Detailed  studies  of  Long  Lake  at  elevation  895  and  further  studies 
of  Crater  Lake  at  elevation  1022  are  presented  herein.  The  more  detailed 
studies  were  conducted  to  determine  optimum  primary  and  secondary  potential, 
establish  unit  design  criteria  and  determine  operational  limitations.  The 
studies  and  analyses  presented  herein  considered  the  latest  growth  rate  fore- 
cast (Exhibit  4 and  Table  3),  synthetic  flows  and  the  variable  conditions 
previously  mentioned. 

4-03  PRELIMINARY  STUDIES: 

a.  Studies  were  made  for  eleven  alternative  plans  and  were  complete 
enough  to  provide  unit  design  criteria  for  estimating  unit  sizes  and  costs. 
The  alternatives  studied  covered  possible  operation  of  Long  Lake  between 
elevations  815  and  1022,  Crater  Lake  between  elevations  1022  and  1220  and 
the  two  lakes  as  a single  reservoir  between  elevations  860  and  1022.  Results 
of  preliminary  studies  are  shown  on  Plates  20  to  22  and  listed  on  Tables  12 
and  13. 

b.  Long  Lake  was  examined  at  four  maximum  pool  elevations  (815,  900, 
950  and  1020)  with  energy  production  loading  that  varied  from  192.6  million 
kilowatt-hours  per  year  to  263,0  million  kilowatt-hours  per  year.  The  rise 
in  pool  elevation  allowed  an  increase  in  active  storage  from  193,800  acre- 
feet  to  a maximum  of  350,000  acre-feet  at  the  upper  pool.  The  availability 
of  this  increase  in  storage  allowed  an  average  annual  reduction  in  wasted 
water  from  7,000  acre-feet  per  year  to  1,850  acre-feet  per  year.  For  maxi- 
mum pool  elevation  of  950,  the  minimum  pool  was  797  or  18  feet  below  the 
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natural  lake  elevation.  In  this  case  only  a slight  lowering  of  the  lake 
would  have  sufficed  for  building  the  intake  structure.  Design  head  for  the 
units  varied  from  approximately  768  up  to  973  at  the  upper  pool.  Tables  12 
and  13  list  other  data, 

c.  Crater  Lake  was  examined  at  three  maximum  pool  elevations  (1022, 
1122  and  1222)  with  energy  production  that  varied  from  104.8  million  kilo- 
watt-hours per  year  to  133.0  million  kilowatt-hours  per  year.  Wasted  water 
or  water  not  usable  for  power  production  was  reduced  from  an  annual  average 
of  4910  acre-feet  at  elevation  1022  to  an  average  of  1500  acre-feet  at  ele- 
vation 1222.  Due  to  more  efficient  water  use,  the  maximum  drawdown  was 
reduced  from  175  feet  at  the  lower  elevation  to  115  feet  at  elevation  1222. 
Tables  12  and  13  list  other  data. 

d.  The  two  lakes  operating  as  a common  reservoir  were  examined  at 
pool  elevations  of  860,  900,  950  and  1020,  The  primary  energy  production 
varied  from  294.2  million  kilowatt-hours  per  year  to  a maximum  of  381.3 
million  kilowatt-hours  per  year.  Active  storage  increased  from  2b4,000 
acre-feet  at  elevation  860  to  348,000  acre-feet  at  elevation  1022.  An  over- 
all summary  of  results  (Table  13)  lists  the  selected  studies  and  also  com- 
pares the  totals  of  the  project  document  plan  with  the  combined  operation 

at  elevation  860,  The  decrease  in  waste  flow  of  an  average  annual  volume 
of  7,400  acre-feet  is  realized  by  combined  operation,  and  is  reflected  in 
increased  production  of  14.2  million  kilowatt-hours  per  year  of  prime 
energy.  It  should  be  noted  that  under  no  condition  of  combined  operation 
would  it  be  possible  to  lower  the  Crater  Lake  intake  structure  much  below 
elevation  750  because  of  reduction  in  storage  and  possible  future  sedimen- 
tation difficulties.  A small  increment  of  storage  would  therefore  be  dead 
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storage  and  would  not  be  available  for  combined  pool  operation. 

4-04  FINAL  STUDIES: 

a.  Final  studies  were  made  to  determine  the  optimum  primary  power 
potential  of  the  project.  With  the  aid  of  an  electronic  computer,  synthetic 
flows  were  developed  to  study  the  effect  of  higher  and  lower  than  period  of 
record  flows  during  the  critical  periods.  Final  studies  verified  the  pri- 
mary energy  capability,  size  and  number  of  units  and  powerhouse  criteria. 
Samples  of  computations  are  illustrated  on  Plates  6 through  14.  Annual  sum- 
maries are  shown  on  Tables  6 through  9. 

b.  Long  Lake  was  studied  with  a dam  to  elevation  895.  A firm  energy 
output  of  225  million  kilowatt-hours  per  year  and  a nonfirm  output  of  10.8 
million  kilowatt-hours  per  year  was  the  energy  potential  resulting  from  the 
studies.  With  the  dam,  Long  Lake  will  provide  an  active  storage  of  252,000 
acre-feet  with  the  pool  fluctuating  from  elevation  895  to  a minimum  elevation 
of  720,  On  the  basis  of  two  20,300  kilowatt  units  for  the  Long  Lake  phase 
and  the  power  forecast  for  the  Juneau  area,  studies  indicated  that  the  Long 
Lake  phase  of  the  project  should  go  on  line  by  1970  to  meet  the  demand 
Gro'..tli  studies  showed  that  the  Long  Lake  phase  can  be  scheduled  to  meet 
demand  until  1979  thereby  allowing  deferment  of  the  construction  costs  of 
the  Crater  Lake  phase.  In  the  final  studies,  a rule  curve  analysis  (Charts 

1 § 2)  was  devised  to  provide  optimum  production  of  noniiiir.  nower  by  allow- 
ing the  pools  to  be  drawn  to  predetermined  elevations  during  the  low  flow 
winter  months, 

c.  Using  the  natural  lake  elevation  as  the  normal  pool,  the  Crater 
Lake  phase  of  the  project  can  provide  a firm  energy  output  of  106  million 
kilowatt-hours  per  year  and  a nonfirm  energy  output  of  12,4  million 
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kilowatt-hours  per  year.  The  pool  will  fluctuate  between  elevations  1022 
and  828  providing  an  active  storage  of  81,000  acre-feet.  If  at  a future 
date,  a dam  at  the  outlet  of  Crater  Lake  is  found  to  be  feasible,  a reser- 
voir would  provide  desirable  additional  storage  and  a greater  firm  energy 
output  would  be  realized.  Rule  curve  analysis  allows  optimum  use  of  the 
nonfirm  power  by  allowing  the  pools  to  be  drawn  down  to  predetermined  ele- 
vations during  the  low  flow  winter  months.  The  results  of  rule  curve  opera- 
tion indicate  that  Crater  Lake  can  be  drawn  down  as  low  as  elevation  800; 
however,  since  physical  conditions  may  dictate  the  elevation  of  the  intake 
invert,  the  minimum  used  in  determining  energy  potential  was  established 
without  application  of  the  rule  curve, 

4-05  OPERATING  CONDITIONS  AND  BASIC  CRITERIA: 

a.  Reservoir  Requirements  - The  Snettisham  project  is  unique  in  its 
remote  location.  It  will  be  used  for  the  production  of  power  only.  The 
normal  allowance  for  fish,  flood  control,  navigation,  irrigation  or  water 
supply  for  downstream  requirements  have  not  been  considered  in  its  justifi- 
cation due  to  this  remoteness.  Operation  of  the  reservoirs  will  be  deter- 
mined by  the  load  shape,  demand  and  water  supply  only, 

b.  All  available  liistorical  runoff  records  were  used  in  the  regula- 
tion and  power  demand  studies.  Extensive  correlation  was  also  made  with 
Dorothy  Creek,  a similar  stream  and  located  near  the  proposed  project.  A 
maximum  of  49  years  of  record  were  available  for  study  at  this  time.  For 
Long  Lake,  the  period  from  1916  through  1963  was  used,  while  for  Crater 
Lake,  the  period  from  1913  through  1963  was  used.  For  examining  the  lakes 
operating  as  a combined  unit,  the  1916  through  1963  flow  records  were 
combined  resulting  in  a 46-year  period  for  the  combined  lakes.  In 
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conducting  the  final  regulation  and  power  studies,  it  was  assumed  that  the  I 

first  year  of  water  record  would  be  considered  as  1980  and  the  studies  ran 
from  1980.  Tidal  fluctuations  in  the  project  are  extreme,  with  a maximum 
range  of  28  feet  The  project  document  assumed  i uniform  Tai Iwater  eleva- 
tion of  2 feet.  The  present  studies  assumed  an  outlet  sill  elevation  of  -1.0 
msl  and  average  tide  conditions. 

IVii-h  two  excentions,  terms  used  in  this  power  appendix  are  based  j 

upon  definitions  as  found  in  the  "Glossary  of  Terms"  1949  edition,  compiled 
under  the  supervision  of  the  Federal  Power  Commission,  The  two  exceptions 
are  the  terms  "Spill"  and  "Waste"  which  are  defined  as  follows:  "Spill"  is 
the  discharge  passed  through  *hi-  turbines  for  the  production  of  secondary 
energy.  "Waste"  is  the  discharge  over  the  spillway  which  cannot  be  used 
for  production  of  power  due  to  lack  of  machine  capacity. 

4-06  POWF.R  VALUKS  AND  TRANSMISSION  LOSSES: 

a Power  values  were  furnished  by  the  Federal  Power  Commission  in 
their  letter  of  25  February  1964  (Exhibit  5)  and  were  based  on  a privately 
financed  49,500  kilowatt  oil-fired  steam  plant  located  at  tidewater  in 
Juneau,  The  value  of  power  was  determined  to  be  $65.11  per  kilowatt-year 
for  net  dependable  capacity  and  6,91  mills  per  kilowatt-hour  for  net  pri- 
mary energy. 

b.  Transmission  h'sses  from  the  project  to  the  Juneau  area  were 
osaumcd  to  be  6 percent  overall, 

4-07  ENERGY  DETERMINATIONS: 

a.  General  - The  basis  for  determination  of  power  demand  or  output 
was  the  estimated  total  requirement  of  the  Juneau  area,  including  all  line 
losses  and  other  losses  attributal  to  regular  power  use.  Studies  during 
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the  50-year  period  were  based  upon  a constant  demand  throughout  the  period 
of  study  and  it  was  assumed  that  machine  capacity  would  be  provided  to  meet 
the  demand  both  base  and  peaking. 

b.  Regulation  Studies  - The  use  of  a special  computer  program  facili- 
tated examination  of  many  different  alternatives.  Different  power  demands 
for  regulation  as  well  as  different  pool  elevations  for  each  alternative 
were  considered.  The  program  takes  into  consideration  variation  in  head, 
operational  efficiencies  of  the  units,  varying  hydraulic  losses,  rule  curve 
operation  and  discriminates  between  usable  spill  and  waste  dependent  upon 
the  assumed  machine  capacity  of  the  alternative  being  studied.  In  order  to 
initiate  a study  of  any  one  condition,  several  preliminary  computations  and 
basic  assumptions  were  made  as  follows: 

(1)  It  was  assumed  that  the  pool  was  full  in  late  summer  but  by 
January  1 was  drawn  down  by  a volume  determined  from  the  preliminary  compu- 
tations. 

(2)  A uniform  annual  energy  load  was  determined  using  mass  curves, 
assumed  water  losses,  assumed  average  head,  and  the  established  average 
annual  inflow.  A minimum  of  3 annual  energy  loads  was  used  to  develop  curves 
for  each  condition  being  studied, 

(3)  The  annual  energy  load  was  then  distributed  by  months  as 
listed  in  Table  1. 

(4)  Installed  capacity  was  determined  as  outlined  in  4-07g, 

(5)  Machine  capacity  at  maximum  pool  was  determined  assuming 
15  percent  overload  at  the  appropriate  reduced  efficiency, 

(6)  A minimum  allowable  pool  elevation  was  chosen  at  approximately 
70  percent  of  design  head.  For  the  Snettisham  project,  this  represented  a 
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drawdown  greater  than  200  feet  in  all  cases.  None  of  the  alternatives 
studied  could  be  drawn  down  this  far  and  recover  full  pool  without  reduction 
in  demand, 

Co  Efficiencies  used  at  various  pool  elevations  were  based  on 
EM  1110-2-1701  and  USBR  Engineering  Monograph  No.  20„  Generator  efficiency 
was  considered  to  be  95  percent  while  turbine  efficiency  varied  from  below 
80  percent  to  a maximum  of  91.4  percent,  depending  upon  the  operational  range 
or  percent  of  design  head.  Hydraulic  efficiency  was  based  on  percent  of 
gross  head  and  varied  from  96  percent  to  98  percent  of  design  head,  Plate 
No.  17  shows  the  various  efficiencies.  Overall  efficiency  varies  from  76.0 
to  84,8  percent  depending  upon  percent  of  design  head. 

The  basic  power  formula  is:  KW  = Q H Eq 

11,8 

Where  KW  = kilowatts 

Q = flow  in  cfs 

H = gross  head  (difference  between  pool  and  tailwater 
elevations) 

^o  = overall  efficiency 

Dividing  efficiencies  by  the  constant  (11,8)  the  formula  reduces 
to:  KW  » C Q H 

Where  C varies  from  0,065  to  0.0718  and  is  dependent  upon  percent 
of  design  head  as  shown  on  Plate  17, 
d.  Power  Demand  - Power  demand  was  based  on  preliminary  estimates  of 
the  potential  possible  at  each  pool  elevation  for  each  alternative  consi- 
dered. For  preliminary  studies  a minimum  of  three  different  loadings  or 
power  demand  sequences  were  placed  on  each  pool  elevation  and  each  regulation 
run.  Plates  20  through  22  show  typical  results  and  the  curves  resulting 
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from  plotting  various  items  such  as  miniii'um  pool  elevation,  maximum  drawdown, 
total  potential  revenue,  average  pool  elevation  and  others  for  the  various 
conditions  and  alternatives. 

e.  Load  Factors  - Load  factors  used  in  these  studies  were  the  same  as 
presented  in  the  project  document.  Information  received  from  the  Juneau  area 
during  the  last  3 years  indicates  that  the  load  factor  continues  to  be  near 
the  55  percent  previously  established. 

f.  Dependable  Capacity  - The  dependable  capacity  for  each  alternative 
studied  was  based  upon  the  minimum  pool  reached  in  each  regulation  study  and 
considered  the  reduction  in  overall  plant  efficiency  but  allowed  operation  up 
to  full  gate.  Tidal  effect  was  considered  during  minimum  pool  conditions; 
however,  no  significant  reduction  in  dependable  capacity  is  expected  due  to 
conservative  estimates  of  hydraulic  losses  used  in  the  studies,  excess  capa- 
city designed  into  the  unit  and  the  nominal  period  of  time  that  such  condi- 
tions would  prevail. 

g.  Installed  Capacity  - The  machine  r.'ip-'hility  or  installed  capacity 
for  each  alternative  studied  was  based  on  the  annual  load  shape  and  the  load 
factor.  The  capabilities  used  for  preliminary  studies  are  not  necessarily 
the  final  choice  of  installed  capacity  for  the  project.  They  were  used  only 
for  comparative  purposes. 

Installed  capacity  was  computed  as  follows: 

KW  - Annual  load 
8760x0.55x115 

Total  machine  capability  was  determined  by  using  the  following 

formula:  KW  ■ Annual  load 

8760  X 0.55 


i 
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Where  Annual  load 


number  of  KWiI  required  per  year 
allowable  machine  loading  in  percent 


115  « 

8760  = number  of  hours  per  year 

0,55  » assumed  load  factor 

h.  Electronic  Computer  Use  - A program  was  developed  for  use  with  an 
electronic  computer  and  was  utilized  in  making  all  basic  power  output  deter- 
minations for  the  range  of  development  conditions  covered.  Use  of  this  com- 
puter program  permits  simulation  of  actual  powerplant  operation  on  an  average 
basis.  Various  loads  were  placed  in  the  computer  as  were  inflows  for  the 
period  of  record.  The  machine  computes  outflow,  average  head,  pool  eleva- 
tions, end  of  the  month  storage,  primary  energy,  secondary  energy  and  waste. 
The  program  is  designed  to  simulate  monthly  operation  of  up  to  10  projects. 

To  obtain  secondary  power  during  the  winter  operation,  a rule  curve  routine 
was  developed.  Pilot  studies  were  used  in  the  preliminary  investigations 
and  to  arrive  at  the  Long  Lake  dam  height  elevation  of  895.  Subsequent  modi- 
fications have  produced  the  final  studies  as  listed  in  Tables  5 through  9. 
4-08  INSTALLATION  SCHEDULE; 

The  total  project  has  been  scheduled  to  meet  the  power  forecast  as 
determined  in  the  Bureau  of  Reclamation  forecast  (Table  3)  and  yet  defer  the 
Crater  Lake  phase  cost  for  several  years.  This  schedule  will  place  the 
first  unit  of  the  Long  Lake  phase  on  line  by  1970  in  time  to  meet  the  in- 
creasing power  demand  of  the  Juneau  area.  The  second  unit  of  Long  Lake  must 
be  on  line  no  later  than  1972,  The  Long  Lake  phase  will  then  meet  demand 
until  1979  when  the  Crater  Lake  phase  must  be  on  line. 

4-09  SNETTISHAM  UNIT  CRITERIA; 

The  basic  decision  to  make  all  unit  sizes  equal  (Exhibit  6)  determined 
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the  unit  size  to  be  installed  at  20,300  KW.  This  size  will  give  the  unit  a 
dependable  capacity  with  overload  of  23,350  KW.  In  the  case  of  Long  Lake, 
the  maximum  pool  elevation  will  be  895,  the  minimum  pool  elevation  720  and 
with  an  average  pool  elevation  843.  Maximum  discharge  through  the  Long  Lake 
phase  will  be  980  cfs.  For  Crater  Lake,  the  maximum  pool  elevation  is  1022, 
the  minimum  pool  elevation  is  828  and  with  an  average  pool  elevation  967. 
Maximum  discharge  through  the  Crater  Lake  phase  under  normal  operating  condi- 
tions is  410  cfs.  Minimum  pools  may  be  dependent  upon  the  physical  limita- 
tions of  the  tunnel  intake  structures.  Provisions  of  interconnections  to 
permit  inspection  of  either  penstock  while  two  units  remain  in  operation 
requires  a maximum  discharge  of  530  cfs  from  Crater  Lake,  This  flow  would 
be  required  only  for  peaking  (early  summer  peak  - 34,000  KW)  during  closure 
of  Long  Lake  penstock.  Although  the  tidal  fluctuation  in  Speel  Inlet  is 
about  28  feet,  a minimum  tailwater  has  been  established  by  placing  a tailrace 
sill  at  elevation  -1.0  msl.  Maximum  tailwater  elevation  corresponds  to  maxi' 
mum  tide  or  about  16.0  feet  msl.  The  above  unit  criterj-’.  cs  s.iinr.arized  in 
Table  11,  are  based  upon  maximum  capability  derived  from  FPC  criteria  and 
actual  load  shapes  shown  in  Table  4. 

4-10  PROJECT  COSTS: 

Total  cost  of  the  recommended  project  plan  is  estimated  at  $59,760,000- 
The  first  phase,  development  of  Long  Lake,  is  estimated  to  cost  $45,338,000 
The  second  phase,  development  of  Crater  Lake,  is  estimated  to  cost  $14,422,000. 
Based  on  data  furnished  by  the  Bureau  of  ReclamaLion,  annual  operation,  main- 
tenance and  interim  replacement  costs  for  the  Long  Lake  phase  are  estimated 
to  total  $475,000  and  it  is  estimated  that  ultimate  addition  of  the  Crater 
Lake  phase  will  increase  this  requirement  by  $8,000  for  a project  total 
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0 M 5 R cost  of  $483,000  per  year.  Computations  are  based  on  an  8-year 
construction  period  for  the  Long  Lake  phase  and  a 7-year  construction 
period  for  the  Crater  Lake  phase.  Present  projections  of  power  load  growth 
in  the  area  show  that  power  from  the  Crater  Lake  phase  of  the  project  will 
be  needed  seven  years  after  construction  of  the  Long  Lake  phase  is  com- 
pleted, Costs  of  the  Crater  Lake  phase  have  been  present-worthed  accord- 
ingly. An  interest  rate  of  3-1/8  percent  has  been  used  to  establish  the 
capital  investment  and  to  compute  the  annual  costs  of  interest  and  amorti- 
zations, On  these  bases  the  average  annual  cost  of  the  project  for  a 50- 
year  life  has  been  computed  as  follows: 

Long  Lake  Phase  (Elev.  895) 

Construction  Cost  $40,300,000 

Interest  During  Construction 


(3-1/8  percent  - 8 years) 

5,037,000 

Total  Investment 

$45,337,000 

Annual  Costs 

Interest  and  Amortization 

(45,337,000  X .u03i-<7J) 

$ 1,804,000 

Operation,  Maintenance  and  Replacements 

475.000 

Average  Annual  Costs 

$ 2,279,000 

Crater  Lake  Phase  (F.lev.  1022) 

Construction  Cost 

$13,000,000 

Interest  During  Construction 

(3-1/8  percent  - 7 years) 

1.422.000 

Total  Investment 

$14,422,000 

Annual  Costs 

% 

1 
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Interest  and  Amortization 


(1.4,'i22,000  X 0.03979)  $ j74,000 

Operation,  Maintenance  and  Replacements  8.000 

Average  Annual  Costs  $ 582,000 

Average  Annual  Costs  for  Complete  Project 
Long  Lake  $2,279,000 

Crater  Lake  Present-Worthed  to  Completion 

Hate  of  Long  Lake  (582,000  x 0.80622)  469,000 

Total  Annual  Costs  (50-year  life)  $2,748,000 

Application  of  the  same  procedures  to  computations  based  on  a 100-year  pro- 
ject life  results  in  computed  average  annual  costs,  as  follows: 

Long  Lake  Phase  $1,966,000 

Crater  Lake  Phase  387,000 

Complete  Project  $2,347,000 

4-11  POWKR  BENEFITS; 

The  Snettisham  project  has  the  sole  purpose  of  producing  power  for 
the  Juneau  area.  All  benefit  determinations  and  comparisons  reflect  credit 
for  prime  power  only.  Energy  and  capacity  creditable  to  this  specific 
power  plant  during  its  economic  life  were  based  on  criteria  shown  in  para- 
graph 4.06  and  as  furnished  by  the  Federal  Power  Commission  in  their  letter 
of  25  February  1964.  Based  on  a privately-financed,  49,500  KW,  oil-fired 
steam  plant,  the  at-market  value  of  power  was  determined  to  be  $65.11  per 
kilowatt-year  for  net  dependable  capacity  and  6.91  mills  per  kilowatt-hour 
for  net  primary  energy.  At-site  dependable  capacity  for  the  Long  Lake 
phase  of  the  recommended  plan  was  determined  to  be  46,700  kilowatts.  The 
decision  to  make  all  generating  units  the  same  size  results  in  provision 
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of  23,350  kilowatts  of  at-site  dependable  capacity  for  the  Crater  Lake  phase. 
At-site  primary  energy  was  computed  to  be  225,000,000  kilowatt-hours  annu- 
ally for  Long  Lake  and  106,000,000  kilowatt-hours  annually  for  Crater  Lake, 

!n  ticrivo  net  or  at-market  valuc.^,  station  use  and  transmission  line  losses 
were  assumed  to  total  6 percent  for  both  capacity  and  energy.  Benefits  were 
not  assigned  for  secondary  energy.  Benefit  computations  for  the  recommended 
project  plan  are  summarized  as  follows: 

ANNUAL  BENEFITS 

Long  Lake  @ 805 

Dependable  Capacity  Value  (46,700  x 65,11  x 0.94)  = $2,858,000 

Energy  Value  (225,000,000  x 0.00691  x 0.94)  = 1,461,000 

Annual  Benefits  $4,319,000 

Crater  Lake  0 1022 

Dependable  Capacity  Value  (23,350  x 65.11  x 0.94)  = $1,429,000 

Energy  Value  (106,000,000  x 0.00691  x 0.94)  = 689,000 

Annual  Benefits  $2,118,000 

Complete  Project 

Long  Lake  = $4,319,000 

Crater  Lake,  prese  i wott';  1 to  completion 

date  of  Long  Lake  ($2,109,000  x 0,80622)  = 1,707,000 

Total  Average  Annual  Benefits  $6,026,000 

4-12  ECONOMIC  ANALYSIS: 

The  economic  relationship  resulting  from  cost  and  benefit  evaluation 
are  summarized  as  follows: 

-6 
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50 

-Year  Life 

100- 

Year  Life 

Project  Phase 

Ann.  Cost 

Ann.  Benefit 

B/C 

Ann  Cost 

Ann  Benefit  B/C 

Long  Lake 

52,279,000 

$4,319,000 

1 90 

$1  906  000 

54,319,00(j  i.lO 

('omplcte  Project 

2,748.000 

$6,029,000 

2,19 

2,347 .000 

$6,029,000  2 57 

"he  above  analysis  did  not  recognize  the  value  of  secondary  energy,  there- 
fore, benefits  are  lower  than  maximum.  Assuming  the  minimum  sccandar)’ 
energy  production,  as  listed  in  Tables  6 through  9,  average  annual  benefits 
and  B/C  ratios  would  then  be; 


50-Year  Life  100-Year  Life 


Project  Phase 

Annual  Benefit 

B/C 

Annual  Benefit 

B/C 

Long  Lake 

$4,365,000 

1.92 

$4,365,000 

2.22 

Complete  Project 

$6,119,000 

2 23 

$6,119,000 

: 61 

The  value  of  secondary  energy  is  assumed  to  be  5 mills/KKH  Cost  vs  bene- 
fit curves  are  relatively  flat  in  the  range  of  dam  height  proposed  An 
incremental  scoping  analysis  was  developed  in  Design  Memorandum  Vo  5 to 
determine  the  economical  dam  height,  federally  financed  power  values  of 
S29,29/KW  for  capacity  and  $0o00691/KlVII  for  primary  energy  were  used  in  the 
scoping  analysis.  In  making  the  economic  analysis  both  50-year  and  100- 
vear  life  was  computed, 

4-13  DISCUSSION: 

During  the  study  period  new  load  growth  rates,  the  decision  to  make 
equal  sized  units  and  greater  refinement  of  the  computer  studies  have  re- 
sulted in  a 3-unit  powerplant  with  a dependable  capacity  of  70,000  KW 
capable  of  delivering  331  million  kilowatt-hours  of  firm  power  and  about 
20,8  million  kilowatt-hours  of  secondary  energy  at  site  annually-  An 
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additional  feature  of  rule  curve  operation  was  £ ■’ded  to  the  computer  program 
to  provide  the  most  efficient  use  of  the  secondary  energy  by  allowing  the 
pools  to  be  drawn  to  predetermined  elevations  throughout  the  year.  The 
two-stage  development  is  scheduled  to  place  an  initial  unit  on  line  at  the 
end  of  1969  and  a second  unit  on  line  by  1972.  The  second  phase  will  place 
the  third  unit  on  line  in  1980  and  demand  on  the  project  is  expected  to 
reach  full  capacity  in  1983, 
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5-01  CL.TLRAl. 

Preparation  of  powernouse  plans  and  estimates  in  this  appendix  to  tiie 
('•eneral  Desiy.n  Mc.uorandum  and  the  following  text  ..laterial  concerning  the 
power  facilities  has  been  accomplished  by  the  ilydroLlectric  Design  drancii 
of  the  Torth  Pacific  Division.  Two  proposed  plans  are  presented  nercin,  the 
conventional  indoor-type  powerhouse  anu  ;ui  uiiderground  plajit,  Tnese  plans 
cannot  be  considered  final  but  do  afford  a sound  basis  for  cost  determina- 
tion between  the  two  types  of  plants.  For  cost  comparison  purposes  tiic 
plants  were  compared  for  their  ultimate  capacity  of  tnree  units  witii  a ver- 
tical Frajicis-type  turbine.  Tac  number  of  units  and  kilowatt  capacity  of 
initial  ;;,ui  ultimate  installations  are  considered  firm;  however,  further 
study  will  be  required  to  select  final  type,  size  and  setting  of  turbines 
and  unit  spacing.  Location  of  the  powerplant  with  respect  to  ot.icr  feat  ure 
of  the  project  is  shoi^'n  on  Plate  1. 

5-02  POWLRilOUSL 

a.  Conventional  'she  poweritouse  will  be  reinforced  concrete  indoor 
type  structure  equipped  v th  a 75-ton  bridge  crane  to  serve  for  erection  and 
maintenance  of  the  units.  a powerhouse  initially  will  consist  of  two 
generator  bays,  erection  bay  and  skeleton  bay,  all  complete  witn  superstruc- 
ture, Units  one  anu  two  will  be  served  Ip/  the  icnstock  from  Long  I.akc  and 
unit  three  will  be  served  oy  tne  penstock  from  Crater  Lake.  Tiie  erection 
bay  is  of  sufficient  width  and  length  to  provide  adeiiuate  space  for  an 
unloading  area  and  a rotor  erection  area  at  elevation  23.0.  Tne  generator 
bay  is  of  sufficient  width  a:id  lengtli  to  adequately  house  tlie  generators  aiid 
turbines  and  provide  necessary  clearances.  A 5-tOii  monorail  attacned  to  tne 


downstream  exterior  face  of  the  powerliouse  wall,  complete  witli  lifting  beam 
and  sling,  will  be  used  for  liandling  the  draft  tube  bulkhead.  Space  alloca- 
tions and  location  of  powerhouse  efiuipmcnt  are  shown  on  IMatcs  23  through  27, 


b.  Underground  Space  allocation  and  location  oi  )o^^erhouse  equip- 
ment for  the  underground  plant  are  shown  on  Plates  28  through  32,  The  gener- 
ator room  width  was  increased  to  include  the  draft  tube  slots  and  spherical 
valves  so  that  tlie  valves  and  draft  tube  bulkheads  could  be  handled  by  tl\e 
bridge  crane.  The  auxiliary  and  control  area  sliown  in  ti»e  conventional  plant 
to  be  upstream  from  tlie  generator  room  was  moved  to  tiie  erection  bay  in  the 
underground  plant.  This  was  done  to  reduce  the  width  of  tiie  cavity  excavated 
for  tiie  underground  plant,  So  provisions  will  be  made  in  tiie  underground 
plant  for  a maintenance  area  or  electrical  shop.  The  portions  of  tne  wall 
above  tiie  erection  floor  level  and  balcony  level  will  be  exposed  rock,  wliich 
in  tlie  event  of  loose  rock,  will  be  covered  witii  ciiain  link  faoric.  So 
structural  reinforcement  of  the  roof  is  contemplated,  however  a metal  arcli 
roof,  accoi:sti'v:i . Ly  treated,  will  be  used  for  protection  from  falling  of  rock 
spalls  anu  moisture.  Access  to  tne  underground  plant  will  be  by  tminql 
approximately  17  feet  wide  and  15  feet  high.  Ventilation  air  will  be  taken 
from  tlie  powerhouse  access  tunnel,  Hxliaust  air  will  be  carried  to  .atmospiiere 
either  by  a duct  within  tiie  powerhouse  access  tunnel  or  a separate  cxliaust 
tunne 1. 

5 03  TURiJISliS,  GliSblbiTORS  A,SU  ilLbCTRICAL  CQUIPMbST 

a.  Criteria  In  accordance  with  the  results  of  studies  presented  in 
tliis  appendix  eacli  unit  will  be  designed  to  provide  a dependable  capacity  of 
23,350  kiV.  Tlie  generators  will  be  designed  to  produce  tiiis  load  at  115 
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percent  generator  noiiiepiate  rating  at  power  factor,  (Jtiicr  criteria  are 
listed  ill  table  H 

b I'utjuiies  liic  turbines  will  be  of  tao  vertica)  shaft,  Fr.inciS 
type  witii  steel  spiral  cases  and  concrete  elbow  draft  tunes  bacii  unit 
will  be  designed  to  produce  a guaranteed  output  of  32  ,.000  ilP  (25  350  f.v.) 
at  minimum  pool  elevation,  best  efficiency  will  lie  aciiieved  at  tne  average 
pool  elevation.  Guard  valves  will  be  provided  upstream  from  eacn  uni''  for 
emergency  shutdown  and  maintenance  A valved  connection  will  be  jirovided 
between  titc  Crater  Lake  unit  and  tiic  adjacent  Long  Lake  unit  to  assure  tnc  i 

ojieration  of  two  units  when  tne  Long  Lake  waterway  is  snut  down  for  insjiec 
tion  or  maintenance.  Preliminary  studies  indicate  tnat  pressure  regulators 
are  required  for  tiie  conventional  powerliouse  to  provide  acceptable  speeu 
regulation  witliout  the  need  for  abnormal  amounts  of  generator  iv'R“  i'i»e 
cost  of  the  regulators  lias  been  included  in  tiie  estimate  for  tl»e  conven 
tional  plant..  Tlie  final  selection  of  tiie  type  and  size  of  guard  valves  and 
pressure  regulators  will  oe  tiie  suuject  of  furtner  study  in  tiie  Powerhouse 
Preliminary  Design  Report 

Electrical  I'eatures  Conventional  i'lani  subject  to  completion  of 
detailed  studies,  the  anticipated  layout  of  tne  electrical  features  ol  tne 
conventional  powerhouse  will  confon.i  to  normal  accepted  practice  for  sum 
plants,  A common  auxiliary  and  control  area  is  planned  at  tn.''  turbine  floor 
elevation  u;)Stroam  from  tne  units,  wliere  station  switchgear,  swit a'boards  , 
control  equipment  and  other  electrical  equipment  will  be  loeated  as  indi 
cated  on  Plate  25-  The  vertical  generators  will  he  rated  22,,u00  KVA,  0.0 
PP,  13,8  KV  at  (jO°C,  temperature  rise  with  capability  of  operating  continu 
ously  at  115  percent  rated  KVA.  Detailed  electrical  and  mechanical 
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ciiaracteristics  will  be  as  determined  by  additional  studies;  however, 
iiigiier  than  normal  WU“  will  probauly  be  required  because  of  tl»e  long  pen- 
stock, Individual  tiiroe  piiase  power  transformers  for  eacii  uJiit  are  pres- 
ently planned  to  insure  liaving  one  unit  available  initially  for  service 
at  all  times,  Tliese  transformers  will  be  rated  20,000  KVA,  13,8-138  KV 
Gnd  Y,  type  FOA,  and  are  tentatively  planned  to  be  located  at  a 138  KV 
switchyard  near  tlic  powerhouse.  Low  voltage  connections  would  be  via 
aerial  15  KV  cables  from  the  paverhouse.  Design  of  the  control  features 
will  be  as  required  for  eventual  comiilete  remote  control  of  the  plant  from 
Juneau,  Alaska,  via  carrier  current,  /Viticipated  station  service  power 
sciicme  is  a 13,8  KV-4S0  volt,  double  ended  substation  supplied  from  the 
terminals  of  the  two  generators  with  an  independently  driven  emergency 
generator  capable  of  supplying  essential  loads  only, 

d,  Ulectrical  Features -Underground  Plant  - Tiie  electrical  features 
of  the  ujiderground  plajit  are  essentially  tlic  same  as  tiie  conventional 
plant.  The  location  of  tliis  equipment  will  be  as  indicated  on  Plate  31. 

Tl»e  increased  distance  from  the  powcrl»ouse  to  the  switdr  ard  may  result  in 
tiie  transformers  being  located  closer  to  the  generators  with  138  KV  cable 

connections  to  the  switchyard  depending  on  the  results  of  future  studies,  | 

5-04  POWbU  PC.ISTOCKS  | 

Although  the  data  presented  in  Snettisham  Project  Design  Memorandum  ! 

Jo,  3 indicates  diameters  of  6 and  7 feet  for  the  Crater  Lake  and  Long 
Lake  penstocks  respectively,  future  stu.M  'S  's'i  1 1 ho  presented  in  tJie  Pre- 
liminary Design  Report  on  tiie  Powerhouse  justify  tlie  most  economical 
size. 
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SECTION  6 - POWER  OUTPUT  AND  UTILIZATION 
6-01  POWER  POTENTIAL; 

The  Long  Lake  and  Crater  Lake  phases  of  the  Snettisham  project  are 
designed  to  operate  at  maximum  gross  heads  of  895  and  1022  feet,  respec- 
tively, with  average  annual  inflows  of  448  cfs  and  203  cfSo  The  project 
will  provide  potential  energy  of  about  331  million  kilowatt-hours  annually 
depending  upon  operation.  Utilization  of  potential  generation  will  be 
solely  in  the  Juneau  area.  Final  studies  indicate  that  maximum  revenue 
will  be  derived  from  the  most  efficient  production  of  secondary  energy  after 
the  project  reaches  maximum  capabilities.  Integrated  operation  of  this 
system  may  find  that  the  Crater  Lake  phase  with  its  greater  waste  should  be 
operated  primarily  as  a base  load  plant  and  Long  Lake  with  its  greater  stor 
age  capabilities  be  operated  as  a peaking  plant.  Area  power  requirements 
and  resource  studies  indicate  that  initial  generation  will  be  usable  as  soon 
as  it  can  be  made  available, 

6-02  CONDITIONS  OF  OPERATION; 

a.  General  - Since  power  production  is  the  sole  objective  of  the 
Snettisham  project,  it  will  be  operated  as  efficiently  as  possible  while 
producing  a maximum  number  of  saleable  KWH,  Operation  or  reservoir  regula- 
tion will  be  characterized  by  two  general  conditions;  one  will  be  the  winter 
low  stream  flow  season  of  October  through  May,  while  the  other  will  cover 
the  summer  and  fall  high  runoff  season  of  May  to  October,  Maximum  energy 
output  and  minimum  waste  will  be  dependent  upon  forecasting  ability  and 
operational  procedures  that  combine  the  optimum  use  of  available  water  and 
machines.  Operational  experience  in  conjunction  with  improved  data  accumu- 
lation will  result  in  improved  rule  curves  and  regulation  criteria. 


1 
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b.  Rule  Curve  Operation  - Examination  of  regulation  studies  provided 


monthly  minimum  pool  allowances  which  were  used  to  develop  rule  curves 
(Charts  1 and  2).  With  rule  curve  operation,  secondary  energy  can  be  pro- 
duced throughout  the  year  whenever  surplus  water  is  available.  Use  of 
these  preliminary  rule  curves  increased  production  of  secondary  energy  while 
reducing  waste  flow.  The  refined  rule  curves  that  will  be  developed  will 
result  in  optimum  use  of  available  water.  It  must  be  assumed  that  plant 
factors  will  not  be  the  same  as  the  Juneau  load  factor  or  even  show  simi- 
larity between  Long  and  Crater  Lake  operations. 

c.  Synthetic  Flows  - Synthetic  flows  were  developed  emd  compared  to 
period  of  record  flows  in  order  to  determine  the  probability  of  major 
changes  in  critical  periods.  The  studies  of  high  and  mean  synthetic  flows 
indicated  only  minor  differences  in  inflow  patterns  and  no  change  in  energy 
production  potential.  On  the  other  hand  the  study  of  low  synthetic  flows 
indicated  that  there  is  a fifty  percent  chance  of  experiencing  a more  se- 
vere critical  period  than  occurred  during  the  period  of  record.  Although 
the  critical  period  may  be  more  severe,  the  degree  of  severity  is  import- 
ant since  a three  percent  reduction  in  primary  energy  would  have  an  occur- 
rence probability  of  only  one  in  five  hundred.  Therefore,  even  though  a 
more  severe  critical  period  may  occur  in  the  next  fifty  years,  the  possibi- 
lity of  significant  reduction  in  primary  energy  is  minimal  and  of  less 
importance  than  other  factors  at  this  time. 

d.  Low  Stream  Flow  Season  - The  period  of  low  inflow  to  both  Long 
and  Crater  Lakes  occurs  during  the  winter  months,  generally  October  to  May. 
Although  heavy  precipitation,  in  the  form  of  rain  and  snow,  occurs  during 
this  period,  it  is  retained  in  the  snowpack  and  very  little  runoff  is 
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available  for  inflow.  Since  this  is  also  the  period  of  greatest  power 
demand,  the  pools  will  invariably  be  drawn  down  with  minimum  pool  occurring 
in  early  May,  It  is  during  this  period  that  accurate  forecasting  and  judi- 
cious production  of  secondary  energy  will  reduce  or  r'ii^inat  waste  during 
the  summer  months. 

e.  High  Stream  Flow  Season  - During  the  summer  months  of  May  through 
October,  the  runoff  not  only  includes  snowmelt  but  relatively  heavy  direct 
precipitation  in  summer  and  fall  rains.  During  this  period  the  demand  is 
at  its  annual  minimum  and  the  pools  will  refill.  Optimum  operation  during 
this  period  would  be  to  fill  the  pools  without  wasting  water, 

f,  Orowth  Years  - During  the  anticipated  thirteen-year  growth  period, 
there  will  be  excess  water  available  for  production  of  secondary  energy; 
however,  demand  is  not  expected  to  be  present.  The  resulting  apparent 
waste  was  not  used  in  computing  the  average  annual  waste  listed  for  either 
Long  or  Crater  Lakes,  The  fact  that  waste  is  inevitable  makes  both  hydrau- 
lic or  electrical  losses  meaningless  during  the  growth  period. 

6-03  POWER  PRODUCTION: 

The  detail  studies  have  shown  that  optimum  economical  development  of 
the  available  power  potential  of  the  Snettisham  project  required  that  Long 
and  Crater  Lakes  be  opertted  as  separate  reservoirs  connected  to  a common 
powerhouse  by  pressure  tunnels  and  penstocks.  Generally  water  from  the  Long 
Lake  phase  will  be  used  to  operate  two  units;  however,  provision  has  been 
made  to  operate  two  units  with  water  from  Crater  Lake  during  periodic  in- 
spection of  the  Long  Lake  tunnel  and  penstock.  Both  phases  will  be  operated 
to  provide  maximum  firm  energy  and  to  produce  secondary  energy  with  the 
remaining  flow  up  to  unit  capacity.  Operation  of  the  project  will  provide 
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basic  criteria  to  further  refine  the  rule  curves  and  hence  provide  optimum 
operation. 


COPY 


4so«m  Dou  to 
THc  o«rmcT  CMMNCC* 

IMT  TO  aOmOWLSI 


U.&  ARMY  ENGINEER  DISTRICT,  ALASKA 
CORPS  OP  ENGINEERS 
P.O.  Boa  700Z 

Aloaka  •MCH 


•tria  10  ru  ao 

NPAEN-PR-R 


31  January  1964 


Mr.  M.  Boyd  Austin 
Regional  Director 
Federal  Power  Commission 
555  Battery  Street 
Room  415 

San  Francisco,  California  94111 


Dear  Mr.  Austin! 

This  office  is  presently  preparing  the  General  Design  Memorandums 
for  the  Snettlsham  Project  near  Juneau,  Alaska,  (House  Document  No.  40, 
87th  Congress).  In  connection  with  the  Hydropower  Capacity  studies  of 
this  memorandum,  it  would  be  appreciated  if  this  office  could  be 
apprised  of  your  opinions,  suggestions  and/or  comments  regarding  the 
following  mnjor  questions. 

a.  What  sort  of  reserve  would  be  required  for  an  isolated 
system  of  this  type? 

b.  What  portion  of  the  available  prime  power  could  be 
considered  as  firm  with  no  reserve  and  a single  line  (115,000  v,  38.7 
miles)  from  site  to  market,  especially  in  view  of  the  terrain  in  the 
Juneau  area? 


c.  What  would  be  the  alternative  value  of  power  for  a 
project  of  this  size  in  this  area? 

Sincerely  yours. 


/s/t/K,  T.  SAWYER 

Colonel,  Corps  of  Engineers 
District  Engineer 
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Federal  power  commission 

nCGIONAL  OFFICE 

I 955  BATTERY  STREET.  ROOM  419 

I SAN  FRANCISCO//.  CALIF.  94111 
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16.  1965 
AIRMAIL 


Colonel  Clare  F.  Farley 
District  Engineer 

U.S,  Army  Engineer  District,  Alaska 
Corps  of  Engineers 
Post  Office  Box  7002 
Anchorage,  Alaska  99501 


Dear  Colonel  Farley: 

Mr.  Mark  Nelson  of  your  division  office  in  Portland  has  dis- 
cussed with  me  the  implications  of  our  letter  of  February  25,  1964, 
concerning  the  Snettisham  Project,  and  has  asked  that  I provide 
some  amplification  of  the  comments  in  line  with  our  telephone 
conversat ions. 

The  statements  made  in  our  letter  of  February  25,  1964, 
concerning  the  maintenance  of  firm  capability  are,  we  think, 
self-evident  and  need  no  further  explanation  as  such.  However, 
the  buyer  and  seller  may  agree  on  some  measure  of  reliability 
which  is  less  than  100  percent  firm.  Thua,  the  buyer  may  be 
willing  to  drop  some  of  his  load  in  case  of  an  outage  that  is 
not  covered  by  reserves.  In  some  instances,  a load  may  be  served 
which  is  not  greatly  inconvenienced  by  an  interruption  of  power 
supply.  At  other  times,  there  will  be  inconvenience,  but  the 
purchaser  of  service  takes  a calculated  risk  that  it  will  not 
happen,  in  order  to  obtain  service  at.  a lower  cost.  Such  condi- 
tions of  risk  and  price  are  subject  to  some  negotiation  between 
buyer  and  seller,  and  aa  such  are  not  of  direct;  concern  to  the 
Federal  Power  Commission  so  long  as  the  negotiations  are  carried 
on  with  the  full  knowledge  of  both  parties  as  to  the  risks  in- 
volved and  savings  resulting  therefrom. 

These  statements  would  also  apply  to  the  transmission  of  the 
power  to  load  center.  Transmission  lines  and  substations  are  sub- 
ject to  failures  of  various  kinds.  A single  line  is  vulnerable  to 
any  and  all  of  these  potential  failures.  When  a failure  occurs 
the  power  supply  over  that  line  is  entirely  lost.  A double  cir- 
cuit even  on  the  same  set  of  towers  is  less  vulnerable  and  more 
reliable  than  a single  circ.\iit,  since  many  of  the  failures  could 
affect  only  one  circuit.  There  would  still  remain  the  chances 
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of  a tower  failure  or  other  failures  which  would  affect  both  circuits, 
so  it  would  still  not  lx;  entirely  firm  but  could  be  considered  as  be- 
ing within  reasonable  bounds  of  reliability.  Two  circuits  on  separate 
structures  but  within  the  same  right  of  way  would  be  considered  more 
reliable  than  two  separate  circuits  on  the  sar.ic  structure,  but  less 
reliable  than  separate  circuits  on  separated  alignments. 

The  whole  tenor  of  our  discussion  has  to  do  with  what  might  be 
termed  the  degree  of  reliability.  Our  letter  of  February  25,  1964 
was  couched  in  terms  of  100  percent  reliability.  Such  reliability 
may  not  be  desirable  from  an  economic  point  of  view.  Assured  firm 
power  (100  percent)  might  cost  half  again  as  much  as  power  with  a 
somewhat  lesser  degree  of  reliability.  The  purchaser  of  power  might 
be  better  satisfied  and  more  willing  to  purchase  the  less  reliable 
power  supply.  Our  concern  is  that  the  alternatives  be  fully  con- 
sidered and  the  degree  of  reliability  recognized  in  whatever  plan 
is  developed,  and  that  the  prospective  purchasers  are  aware  of  any 
lack  of  reliability  that  is  involved. 


Sincerely  yours. 


M.  Boyd  Austin 
Kcgional  Engineer 
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February  19/  1965 
AIR  MAIL 


Colonel  Clare  F.  Farley 
Dlatriot  Engineer 

U.  S.  Army  Engineer  District,  Alaska 
P.  0.  Box  7002 
Anchorage,  Alaska  99051 


Dear  Colonel  Farley t 

Reference  is  made  to  the  February  17  telephone  request  from 
Messrs.  Lambert  and  Wade  for  a value  of  power  based  on  federEil 
financing  for  use  in  the  Corps'  studies  of  the  Snettisheun  Project. 

The  value  of  hydroelectric  power  at-market  in  Juneau,  Alaska, 
based  on  cost  of  alternative  power  produced  by  a federally  financed 
steam-electric  plant,  is  estimated  to  be  $29.29  per  kilowatt-year  for 
dependable  capacity  plus  6.91  mills  per  kilowatt-hour.  This  estimate 
excludes  taxes  and  is  based  on  cost  of  money  at  3.125  percent.  As  in 
the  estimated  value  furnished  in  I960  fcr  a privately  financed  plant, 
the  steam-electric  plant  assumed  for  this  value  has  3 units  with  a 
total  capacity  of  49,500  kilowatts,  and  is  located  at  Juneau.  The 
cost  of  fuel  is  based  on  bunker  oil  at  50.4  cents  per  million  Btu. 

Please  advise  if  we  can  be  of  further  assistance. 


Sincerely  yours, 

M.  'Boyd  A»tln 
Regional  Engineer 
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IN  REPLY  - 

REFER  TO;  620 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OF  RECLAMATION 

ALASKA  DISTRICT  HEADQUARTERS 

P.  O.  BOX  2567.  JUNEAU.  ALASKA  99801 

February  2h,  I965 


AIRMAIL 

District  Engineer 

U.S.  Army  Engineer  District,  Alaska 
P.O.  Box  7002 
Anchorage,  Alaska  99501 

Dear  Sir: 

Enclosed  is  a tabulation  of  hourly  generation  values  for  the  Juneau 
area  d\iring  the  period  from  Movember  l3,  through  25,  1964  as 
obtained  from  the  Alaska  Electric  Light  and  Pover  Ccaipany  and 
Alaska-Juneau  Industries,  Inc.  These  values  were  taken  during 
what  was  considered  a normal  fall  week  £ind  should  be  representative 
of  the  load  pattern  during  the  season. 

Also  enclosed  is  an  updated  forecast  of  the  Juneau  area  load  require- 
ments for  use  with  the  Snettisham  Project  studies.  This  forecast 
was  prepared  in  conjunction  with  a representative  of  the  Alaska 
Electric  Light  and  Power  Con^sany,  the  local  distributor  in  the  area. 
The  forecast  has  been  revised  to  lnc.Iude  the  trend  of  the  latest 
load  developments,  and  the  accelerated  rate  of  growth, which  has 
developed  in  the  area  since  Statehood. 

As  viewed  at  the  present  time,  we  believe  this  to  be  a very  realistic 
forecast  for  the  area. 


Sincerely  yours, 

George  N.  Pierce 
District  Manager 


Enclosiires 
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Federal  Power  commission 

REGIONAL  OFFICE 

SS5  BATTERY  STREET.  ROOM  413 
SAN  ERANCISCO  1 1 , CALIF. 


February  25 , 1964 
AIR  MAIL 


Colonel  K.  T.  Sawyer 
District  Engineer 

U.  S.  Army  Engineer  District,  Alaska 
Corps  of  Engineers 
P.  0.  Box  7002 
Anchorage,  Alaska  99501 

Dear  Colonel  Sawyer: 

This  is  in  answer  to  your  letter  of  January  31,  1964  (your  file 
reference  NPAEN-PR-TP)  requesting  comments  on  specific  questions 
which  concern  your  study  of  the  Snettisham  Project. 

a.  The  amount  of  reserve  capacity  required  to  maintain  firm 
service  would  be  equal  to  the  largest  reduction  in  total  system  de- 
pendable capacity  which  might  result  from  an  outage  of  a generating 
unit  or  transmission  circuit  at  the  time  of  the  system  peak. 

At  the  present  time  the  power  supply  in  the  Juneau  area  con- 
sists of  small  hydroelectric  and  internal-combustion  plant  generating 
units.  The  largest  unit  is  3,500  kilowatts.  Another  unit  or  a group 
of  units,  in  reserve,  equal  in  capacity  to  this  unit  would  permit  loads 
to  be  served  on  a firm  basis.  No  reserve  capacity  would  be  needed  if 
some  loads  could  be  dropped  until  the  largest  unit  is  returned  to  service, 
in  the  event  of  a forced  outage. 

With  the  addition  of  generating  capacity  such  as  may  be  in- 
stalled at  the  Snettisham  Project,  firm  service  to  the  loads  would  be 
maintained  by  providing  standby  capacity  in  other  power  plants  in  the 
Juneau  area  equal  to  the  dependable  capacity  of  the  largest  project 
unit,  or  the  capacity  of  its  largest  transmission  circuit.  This 
assumes  that  the  greatest  reduction  in  the  supply  to  the  Juneau  area 
would  be  due  to  the  loss  of  a Snettisham  unit  or  line.  On  the  other 
hand,  it  is  conceivable  that  a thermal  plant  might  be  built  or  other 
hydro  installations  may  be  constructed  with  units  larger  than  installed 
at  Snettisham. 
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b.  No  amount  of  project  power  would  be  firm  at  the  Juneau  market 
if  delivery  is  to  be  by  one  transmission  circuit. 

c.  The  alternative  source  of  power  to  the  project  is  considered 
by  us  at  present  to  be  a privately  financed  steam-electric  plant 
located  at  Juneau  tidewater.  If  power  can  be  made  dependably  avail- 
able from  outlying  system  sources  at  a lower  market  cost,  this  cost 
would  be  a measure  of  the  value  of  project  power  at  market. 

The  value  of  hydroelectric  power  at  Juneau  based  on  cost  of 
steam-electric  power  estimated  in  I960  was  $65.11  per  kilowatt-year 
for  dependable  capacity  plus  6.91  mills  per  kilowatt-hour  for  energy. 
The  total  unit  value  of  power  for  a 70  percent  load  factor  delivery, 
amounts  to  17.53  mills  per  kilowatt-hour.  This  value  was  based  on 
financing  of  a 49,500-kilowatt  steam-electric  plant  with  cost  of 
money  at  7 percent  and  with  taxes  of  6.77  percent  of  the  investment. 
The  cost  for  fuel  was  based  on  bunker  oil  at  Juneau  delivered  for 
13  .20  per  barrel. 

By  our  letter  of  February  14,  1964,  you  were  furnished  at- 
steam  plant  values  for  the  southwest  area  of  Alaska  for  various  plant 
sizes.  These  were  based  on  cost  of  producing  power  at  a 3 percent 
rate  of  interest  and  with  no  taxes . If  the  alternative  plant  capacity 
is  to  be  initially  comparable  in  size  to  the  Snettlsham  installation, 
the  value  (because  of  the  high  cost  of  smaller  units  and  other  factors 
than  were  used  for  developing  estimates  of  values  furnished)  would  be 
somewhat  greater. 


Sincerely  yours , 


M.  Boyt^ustln 
Region^  Engineer 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OF  RECLAMATION 

ALASKA  DISTRICT  HEADQUARTERS 


P.  O BOX  2567.  JUNEAU.  ALASKA 


99801 


ilarch  29,  1965 


AIRMAIL 

District  Ehgineer 

U.S,  Amy  Engineer  District,  Alaska 
P.  0.  Box  7002 
Anchorage,  Alaska  99501 

Dear  Sir: 

This  is  to  confirm  our  March  24,  1965  discussions  with  members  of  your 
stciff,  and  with  Messrs.  Mark  L.  Nelson  and  W.  L.  Sasser  of  the  North 
Pacific  Division  Office,  relative  to  certain  functional  design  criteria 
for  the  Snettisham  Project. 

With  respect  to  total  number  of  units,  the  discussions  centered  around 
a total  of  five  units  (three  for  Long  Lake  and  two  for  Crater  Lake) 
versus  three  units  (two  for  Long  and  one  for  Crater).  EXae  primarily  to 
the  difficulties  which  would  be  encountered  in  design,  fabrication, 
installation,  and  operation  and  naintenance  of  the  penstock  interconnecticxis 
requested  in  ny  letter  to  you  dated  February  11,  1965,  together  with  the 
additional  costs  involved,  a five-unit  installation  appears  hig)^ly  un- 
desirable. We  would  much  prefer  a three-unit  installation.  Additionally, 
the  larger  units  are  more  desirable  from  a system  operating  standpoint. 

To  provide  greater  operating  flexibility,  and  to  minimize  stocks  of  spare 
parts  required  to  be  kept  on  hand,  we  would  prefer  that  all  three  gener- 
ators have  the  same  kva  rating.  It  is  understood  that  this  would  result 
in  a lower  overall  plant  factor  for  the  Crater  Lake  unit  than  for  the  Long 
Lake  units,  but  this  would  not  present  any  operating  problem. 

Also  discussed  was  the  matter  of  dependable  plant  capacity,  and  whether 
or  not  sufficient  reserves  will  be  available  from  other  sources  to  at 
least  equal  the  capacity  of  the  largest  unit  at  Snettisham.  In  this 
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connection,  the  local  pc/jph  supplying  entities  estiiiute  thei'e  will  be 
approxinately  20,000  kw  of  capacity  available  for  standby  in  the  Juneau 
area  by  the  end  of  1969 i 


Ch  the  subject  of  arrangement  of  tunnel  intake  stoplogs  add  trashracks, 
nv  letter  to  you  of  February  ll,  1965  visualized  separate  slots  for 
these  two  features.  At  the  March  24  rteeting,  your  staff  suggested  the 
possibility  of  a single  sldt  for  stoplogs  only,  with  trashr^eiks  fixed 
in  place  by  means  of  stainleSs  steel  bolts.  Ihis  latter  arrangement 
would  be  satisfactory  to  us. 

Sincerely  yours, 

(;  A . 

George  N.  Pierce 

District  Manager 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OF  RECLAMATION 

ALASKA  district  HEADQUARTERS 
P.  O.  BOX  2567,  JUNEAU,  ALASKA 

April  1,  1965 

AIRMAIL 

District  Engineer 

U.S.  Army  Engineer  District,  Alaska 
Post  Office  Box  7002 
Anchorage , Alaska  99501 

Dew  Sir; 

In  accordance  with  the  request  of  your  staff  during  our  March  24,  I965 
meeting,  we  are  furnishing  our  recommendations  for  power  factor  rating 
of  Snettisham  Project  electrical,  equipment. 

It  is  reported  by  the  local,  xxwer  company  that  the  area  load  power  factor 
varies  between  O.9O  and  0.95;  therefore,  we  recommend  that  the  Project 
be  designed  for  O.9O  power  factor  operation. 

We  would  prefer  that  the  generators  be  rated  at  a nameplate  power  factor 
of  not  greater  than  O.9O  in  order  to  give  a fairly  wide  range  of  volta,ge 
control  without  undue  sacrifice  of  nameplate  kilowatt  capacity.  It  is 
realized  that , as  the  peedc  load  approaches  the  nameplate  cai>acity  cf  the 
Project,  the  need,  for  supplemental  voltage  control  equipment  in  the  form 
of  voltage  regulator  and/or  banks  of  ce.pacitors  situated  at  the  Juneau 
Substation  will  probably  be  required.  This  can  readily  be  worked  out 
during  the  later  stages  of  construction  if  proper  provisions  axe  made  in 
the  initial  stage. 

The  switchyard  fluid  substation  capacities  should  be  sized  to  the  capacity 
of  the  generating  units;  If  multiple  transformers  are  used,  flui  additional 
emergency  rating  (by  use  of  supplemental  cooling)  should  be  provided  against 
the  possibility  of  a failure  of  one  pf  the  pflorallel  trsuisformers . The 
capacity  of  the  Juneau  Substation  could  be  less  them  that  of  the  Switchyard 
by  eunount  of  line  losses. 


IN  REPLY  - 
REFER  TO  620 


Sincerely  yours. 


/ ■ c9- 


George  N.  Pierce 
District  Mfluifliger 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OF  RECLAMATION 

ALASKA  DISTRICT  HKADQUARTCRS 
P.  O.  BOX  2167.  JUNEAU.  ALASKA 

/^il  1,  1965 


AIRMAIL 

District  £hgim«r 

U.S.  Psmv  Ih^rwar  District,  Alaska 
P.  0,  Box  7002 
Mchora^,  Alaska  99501 

Dear  Sir: 

This  is  further  to  ny  letter  to  you  of  March  29,  1965  relative  to  our 
discussions  of  March  24,  1965,  with  representatives  of  your  office  and 
of  the  Ncarth  Pacific  Division  Office,  on  functional  design  criteria  for 
the  Snettisham  Project. 

It  was  brcug^Tt  out  that  Corps  of  Engineers  specifications  new  require 
that  generators  shall  be  capable  of  operating  continuously  at  15  percent 
overload.  It  is  also  the  practice  of  the  Corps  to  utilize  this  15  per- 
cent overload  capability  in  jieasuring  project  benefits  for  bene fit -oost 
analyses.  This  is  reflected  in  Table  5 of  the  draft  of  Snettisham  Desijgn 
Memorandu*  No.  3,  v^c9i  we  presently  have  under  informal  review  in  this 
office. 

At  the  March  24  meting,  we  agreed  to  advise  you  of  Bureau  of  Reclamation 
practices  with  respect  to. the  amount  of  generator  overload  capacity  re- 
quired by  our  standard  specifications,  the  use  or  non-use  of  such  overload 
c^pacity  in  benefit-oost  analyses,  and  whether  or  not  such  overload  capa- 
city is  considered  sedeable  under  Department  of  the  Interior  power  marketing 
policies. 

The  Bureau's  treatment  of  generator  overload  capacity  has  been  discussed 
both  with  the  Office  of  our  Cbninissioner  and  of  our  Chief  Ehgineer.  Current 
Bureau  practiots  are  as  follows: 

1,  In  a nunher  of  recent  instances,  our  generator  specifications  have 
required  a continuous  overloatd  capability  of  15  p>ercent  at  rated 
voltage,  power  factor  and  fraqVMncy. 
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2.  Generator  overload  caoabilitv  is  not  considered  in  rreasuriny  project 
benefits » either  in  benefit-cost  analyses  for  plan  fomuiation,  or 
in  determination  of  project  feasibility. 

3.  Generator  overload  capability  is  not  considered  in  our  averace  rate 
and  repayment  analyses,  which  deterrrdne  the  rates  at  which  power 
must  be  sold  to  recover,  with  interest,  all  project  costs  edlocated 
to  power. 

4.  Power  from  a project  is  nar4<eted  only  up  to  total  name  place  capacity, 
regardless  of  generator  overload  capability,  even  in  those  instances 
where  a continuous  overload  capability  has  been  included  in  the 
specifications . 

Ihus,  while  it  is  desirable  that  your  specifications  for  Snettisham  gener- 
ators include  a requirement  for  a continuous  overload  capability  of  15 
percent,  when  the  Project  goes  into  operation  we  will  limit  the  contract 
obligation  of  the  Project  to  meet  area  demands  to  total  name  plate  capa- 
city. 

In  connection  with  scooing  the  Snettisham  Project,  and  in  particular  the 
determination  of  the  desirability  of  a dam  at  Long  Lake,  the  effect  of 
any  resulting  increase  in  required  power  rates  must  be  seriously  considered. 
We  already  know  that  Snettisham  pwcr  rates  v/ill  be  higher  than  those  indi- 
cated in  the  documents  on  which  authorization  was  based,  due  to  increases 
both  in  interest  rate  and  in  construction  costs.  Ihis  amount  of  rate  in- 
crease cilone  will  affect  the  marketability  of  Project  power,  particularly 
in  the  industrial  field.  It  would  certainly  be  advantageous  to  the  Project 
and  to  the  Juneau  area  if  a dam  at  Long  Lake  would  nake  additional  power 
and  energy  available  at  no  increase  in  unit  power  cost.  Libwever,  any 
significant  increase  in  power  rates  whidi  would  be  required  by  the  addition 
of  a dam  at  long  Lake  could  only  have  an  additional  adverse  effect  on  the 
marketability  of  Project  power,  and  on  the  ability  of  the  Project  to  return 
to  the  Treasury  all  Project  costs,  with  interest. 

Sincerely  yours , 


y'ii  ' f-''  tfC-v-ry 
George  N.  Pierce 
District  Manager 
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UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OF  RECLAMATION 

ALASKA  DISTRICT  HEADQUARTERS 
P.  O.  BOX  2567.  JUNEAU.  ALASKA 

/qjril  23,  1965 


AIW'iAIL 

District  Ehgineer 

U.S.  Ann/  Engineer  District,  Alaska 
Corps  of  Engineers 
P.  0.  Box  7002 
Anchorage,  Alaska  99501 

Dear  Sir: 

\'le  have  used  the  revised  Snettisiiam  cost  estimates  and  construction 
sdiedules  transmitted  by  your  letter  of  6 April  1965,  reference 
HPAE'J-PR-R,  in  coiroutation  of  firm  power  rate  and  in  benefit-cost 
conparisons  for  eadi  of  the  seven  alternates.  A sunmary  tabulation 
of  the  results  of  these  conputations  for  t'ne  overall  project  is 
attached. 

Our  conputations  used  the  annual  061  i estimate  of  $390,000  oontciined 
in  our  letter  of  /^ril  6,  1965  and  a separately  determined  replace- 
ment estinate.  'Ihe  06M  estinate  was  neld  constant  for  all  plans 
and  stages,  since  a full  complement  of  nran  and  maintenance  equipment 
will  be  required  from  the  start  of  oper'ation,  while  tne  replacement 
estimate  has  varied  to  reflect  stage  development.  Benefit  deter- 
minations used  the  firm  pov/er  values  of  $29.29  per  kilowatt-year, 
and  6.91  mills  per  kilowatt-hour  'whiclr  were  obtained  from  your  office. 
At  our  annual  load  factor  of  55%,  tiiese  rates  are  equivalent  to  a 
single  charge  of  13  mills  per  kilov;att-liour  for  firm  energy.  I'fon-firm 
eivergy  benefits  and  revenues  were  assumed  to  be  7 and  5 mills  per 
kilowatt-hour,  respectively. 

We  note  your  oomnent  that  the  current  cost  estii,iates  do  not  reflect 
dianges  in  costs  for  penstock  interconnections,  transmission  line 
access  roads,  and  revision  of  housing  requirements.  Hov/ever,  tiiese 
dianges  should  be  equivalent  for  the  various  alternates  and  should 
have  little  effect  on  selection  of  ciam  size. 


Ch  the  basis  of  the  above  evaluations,  v;e  concur  in  your  findin"  tiiat 
inclusion  in  tne  plan  of  development  of  a dam  at  Long  Lake  is  merited. 
We  also  find  that  the  alternate  wliich  v/ould  raise  the  Long  Lake  water 
surfact  elevation  to  895  feet  would  produce  the  greatest  excess  of 
benefits  over  costs. 

CXir  average  rate  and  repayment  analyses  sfiow  that  the  most  favorable 
fim  pc-'/er  rate  (9  mills/kwh)  would  be  obtained  with  the  plan  'which 
vjould  raise  Long  Lake  to  elevation  840.  'Ihe  other  alternates,  in- 
cluding tlie  no-dam  plan  ajid  tiie  895  alternate,  vjould  require  slightly 
iugiier  power  rates.  It  appears  that  the  increase  in  the  fim  power 
rates  for  the  nore  favoraijle  alternate  dam  heights  wuld  not  be  so 
great  as  to  affect  the  willingness  of  potential  power  customers  to 
utilize  all  available  project  poi-^er.  Ihis  condition  likely  TOuld  not 
prevail,  liowever,  should  there  be  any  further  significant  increases 
in  estimated  oosts. 

'ihere  was  one  additional  point  discussed  during  our  March  24,  1965 
discussions  with  representatives  of  your  office  and  of  the  North 
Pacific  Division,  which  could  effect  your  decision  whether  or  not 
to  include  a dam  at  Long  Lake  in  your  recommended  plan  of  developnent. 
It  was  the  consensus  of  that  neeting  that,  in  view  of  the  urgent  need 
for  Snettisham  power  at  tire  earliest  possible  date,  if  inclusion  of 
a Long  Lake  dam  would  require  reauthorization  of  the  Project  by  the 
Congress,  no  dam  should  1>2  recommended. 


Sincerely  yours, 

/7 

f- , ' /y 

George  N.  Pierce 
District  Manager 
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The  above  information  from  records  of  Alaska  Electric  Light  and  Power  Company,  Juneau,  Alaska 
This  only  includes  power  sold  by  Alaska  Light  and  Power  Company 
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Juneau  Lumber  Co.  1/  1,000  unknown  unknown 


TAHUi  3 


♦ JUNEAU  AREA 

ENERGY  (,  PEAK  REQUIREMENTS 
lUfaS  Forecast  J_/ 


Fiscal 

Net  Energy 

Gross  Energy 

Net  Peak 

Gross  Peak 

Load  Factor 

Year 

1000  KWll 

1000  KWll 

KW 

KW 

% 

li)50 

14800 

15750 

3400 

3650 

50. 1 

193! 

10450 

17500 

3850 

4100 

48.8 

1952 

18550 

19750 

4200 

4500 

48, 5 

1953 

20450 

21750 

4700 

5000 

51.9 

1954 

22000 

23400 

5050 

a350 

48.0 

1955 

23350 

24850 

5200 

5500 

52.0 

1950 

23500 

25000 

5100 

5400 

50,8 

1957 

23800 

25300 

4950 

5300 

54.7 

1958 

4/ 

25400 

27000 

5300 

5600 

54,6 

1959 

27800 

29550 

3650 

6000 

55.2 

1960 

30700 

32650 

6800 

7250 

57,0 

1961 

33500 

35650 

7400 

7850 

47,6 

1962 

35950 

38250 

8050 

8550 

56 . 0 

1963 

39250 

41750 

9250 

9800 

46,9 

1964 

2/ 

43350 

46100 

9900 

10550 

50,0 

1965 

47050 

50700 

10900 

11600 

50.0 

1966 

52400 

55750 

11950 

12800 

50.0 

1967 

5 7o50 

61350 

13150 

14000 

50.0 

1968 

03450 

O7500 

14500 

15400 

50,0 

1969 

69800 

74250 

15950 

16950 

50,0 

1970 

3/ 

78300 

83300 

17700 

18800 

50.0 

1971 

89450 

95150 

19800 

21100 

51,0 

1972 

102150 

108650 

22200 

23600 

52-0 

1973 

116550 

124000 

24850 

26450 

55 . 0 

1974 

132950 

141450 

27850 

29600 

54,0 

1975 

148800 

158300 

30900 

32850 

55,0 

1970 

163700 

174150 

339j0 

36  150 

55.0 

1977 

180050 

191550 

37350 

39750 

55 . 0 

1978 

198050 

210700 

41100 

43700 

55,0 

1979 

217850 

231750 

45200 

48100 

55 . 0 

1980 

259000 

254900 

49800 

52900 

55,0 

1981 

2O35F0 

2b03s0 

547U0 

58200 

55 . 0 

1982 

289900 

308400 

60200 

64000 

55.0 

1983 

318900 

339250 

66200 

70400 

55 . 0 

1984 

350800 

373200 

72800 

77500 

55,0 

1985 

385900 

410500 

80100 

85200 

55,0 

1980 

424500 

451600 

88100 

93700 

55 . 0 

1987 

460900 

490700 

96900 

103100 

55 , 0 

1988 

513000 

546400 

106600 

113400 

55  • 0 

19  89 

565000 

601000 

117300 

124800 

55,0 

1990 

621400 

661000 

129000 

137250 

55,0 

!■  iJased  on  U S.1.,R  letter  of  24  Februar)'  lUbS,  exhii)it  4. 

2/  All  jireteding  values  are  actual  record  ot  net  re((ui  rements  • 
3.  Pro.iect  assumed  to  go  into  operation  end  ot  C,Y  lilo'.). 

■i  bill  j)assed  tor  Statehood. 
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T\iJLl  4 


PRI  SI  NT  .niNI  \ll  rVi  RCY  !')r'!\Nr) 


I pad 

istribudtioii 

f Dercents 

of  '.otal  k’>'-hr) 

\nnua 1 

ec’  !'■  ^Noveiauer) 

Daily 

- Fall  (Nov)  i 

'•onth 

N 

*1' 

k .'il 

f 

2 Hr 

\ver  N'.’ll  , 

.’anuary 

3,001,000 

8.  '1 

! ''iir  s.'av 

148.  1 '.1 

14.22 

12  Mi 

d Si'SO 

Februar> 

:,'5o,000 

• . 1 2 

! Tidav 

14'-,85P 

14.24 

> 

3t<S0  1 

'farch 

2,813,000 

''atiiri'av 

1 38,800 

1 3.  32 

1 

3550 

Apri  1 

2, '0  2, 000 

8.:)2 

Snriila'' 

1 30 ,450 

1 . 5 3 

c> 

3 ISO 

May 

2,0  35  ,000 

7.8  2 

185 , 100 

1 4.80 

.s 

5050 

Tune 

2,513,000 

'.  16 

i' lies  day 

158,000 

15.25 

10 

’000 

Tuly 

2,560,000 

7.60 

N'ednosda'’ 

U)2,000 

13.53 

12  N'pnn  ■’  ISO 

Aupust 

2,628,000 

7.80 

> 

’450 

September 

2,763,000 

8 . 20 

4 

’500 

October 

2,051,000 

8.  'O 

(. 

8500 

November 

3,150,000 

0 . 35 

8 

’O0() 

December 

3,238,000 

0.61 

10 

t.SSO 

Load  Factor 

51.7 

■’1.0 

! 

NOTE:  Loadshape  for 

annual,  weekly 

and  i!ai  ly  fall 

an<l  sprinp  enerpy  demand  basetl 

uimn  the  period 

2 hour  averanes  10-24  Nov  ()4,  2-8  flay  (>8,  respectively. 


Daily  - Spring  (May) 


ft 

s 

2 lir  ^ver 

CTI 

o 

'0 

7.6t 

12  Mid 

85  25 

6.22 

4.P.> 

7075 

5.15 

4.  SO 

4 

6610 

4.82 

4.66 

6 

7a90 

5.75 

6.82 

8 

12180 

8.87 

9.46 

10 

14315 

10.43 

10.06 

12  Noon 

14165 

10.32 

10.06 

0 

14305 

10.42 

10.14 

4 

14480 

10.55 

11.49 

6 

13315 

9.70 

10.68 

0 

it 

12845 

9.36 

9.26 

10 

11550 

8.41 

78.0 

80.0 

s of  record 

for  1939  to 

1964,  19-25 

Nov  64  and 

[ 

I 

i 
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UNCLASSIFIED 


CORPS  OF  ENGINEERS  ANCHORAGE  AK  ALASKA  DISTRICT  F/G  13/2 

SNETTISHAM  PROJECT  ALASKA.  FIRST  STAGE  DEVELOPMENT.  DESIGN  MEMO— ETC (U) 
OCT  65 
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TABU:  S 


YEAR 

INFLOW 

1000* s 

END  OF  YEAR 
Reservoir 
Content 
of  Acre-Feet 

1970 

310 

482 

1971 

260 

481 

1972 

233 

482 

1973 

217 

466 

1974 

239 

476 

1975 

288 

475 

1976 

302 

479 

1977 

271 

474 

1978 

281 

481 

1979 

221 

461 

TYPICAL  SUMMARY  OF  GROWTH  PERIOD 
LONG  LAKE  TO  ELEVATION  89S 


POOL  ELEVATION  j 

Feet  Above  MSL  Firm  ^ 


Maximum 

Minimum 

Average 

Millions 

895 

847 

873 

77.8 

895 

889 

894 

86.7 

895 

880 

891 

96.9 

895 

879 

890 

107.8 

895 

864 

884 

120.1 

895 

869 

887 

138.9 

895 

863 

884 

149.7 

895 

861 

884 

166.4 

895 

858 

883 

185.4 

895 

852 

879 

206.7 

NOTES:  1.  Both  units  are  assumed  to  be  operating. 

2.  Uniform  growth  rate  was  assumed. 

3.  Inflows  are  high  synthetic  as  developed 


I ENERGY  WASTE 

kvailable 


Mcondary 
of  Kilowatt 

Total 

iiours 

Non-Usable 

Acre-Feet 

lOS.O 

182.8 

79,940 

151.4 

238.1 

26,466 

122.5 

219.4 

14,847 

104. b 

212.4 

21,450 

96.7 

216.8 

11,359 

110.1 

249.0 

47,356 

90.7 

246.4 

63,382 

73.8 

240.2 

47,324 

78.0 

263.4 

7,839 

27.6 

234.3 

0 

TABLE  6 


TYPICAL  SUMhJAKY  OF  RESERVOIR  OPERATItt^ 
UING  LAKE  TO  ELEVATIOS  B9S 


YEAR 

INFLOW 

END  OF  YEAR 

POOL  ELEVATIttN 

LVEKfi 

1000 's 

Reservoir 
Content 
of  Acre- Feet 

Feet 

Maxinuin 

Above  MSL 
Minimum 

Average 

Firm 

Millions 

Second 
of  Ki 

1983 

299 

441.7 

895 

833 

868 

224.9 

21.1 

1984 

344 

461.5 

895 

819 

860 

225.6 

18.( 

1985 

326 

458.6 

895 

829 

867 

224.9 

19.( 

1986 

291 

446.8 

895 

835 

866 

224.9 

3.< 

1987 

268 

412.3 

879 

821 

855 

224.9 

1988 

291 

391.3 

862 

797 

832 

225.6 

1989 

302 

375,8 

850 

776 

817 

224.9 

199U 

340 

398.1 

858 

771 

815 

224.9 

1991 

358 

447.6 

887 

788 

840 

224.9 

1992 

293 

433.1 

895 

828 

863 

225.6 

5.S 

1993 

346 

467.7 

895 

830 

865 

224.9 

9.1 

1994 

332 

464.4 

895 

843 

873 

224.9 

16. J 

1995 

316 

475.3 

895 

832 

867 

224.9 

5. a 

1996 

335 

443.7 

895 

855 

880 

225.6 

43.1 

1997 

284 

424.8 

888 

820 

854 

224.9 

1998 

282 

399.8 

864 

814 

842 

224.9 

1999 

312 

397.5 

866 

776 

825 

224.9 

2000 

292 

371.9 

852 

773 

818 

225.6 

2001 

423 

478.7 

895 

761 

820 

224.9 

2002 

352 

453.4 

895 

845 

875 

224.9 

30.2 

2003 

336 

452.9 

895 

838 

869 

224.9 

29.a 

2004 

357 

466.9 

895 

829 

866 

225.6 

30.2 

2005 

344 

447.5 

895 

843 

873 

224.9 

41.6 

2006 

298 

445.1 

885 

830 

860 

224.9 

2007 

357 

444.8 

895 

830 

866 

224.9 

36.2 

2008 

421 

476.4 

895 

832 

867 

225.6 

30.2 

2009 

357 

468.8 

895 

851 

879 

224.9 

40.9 

2010 

349 

441.3 

895 

840 

872 

224.9 

30.2 

2011 

315 

455.6 

895 

819 

861 

224.9 

0.5 

2012 

329 

456.8 

895 

838 

870 

225.6 

18.9 

2013 

349 

456.9 

895 

832 

870 

224,9 

26.7 

2014 

338 

463.7 

895 

834 

868 

224.9 

19.1 

2015 

252 

415.4 

888 

830 

861 

224.9 

2016 

266 

365.5 

861 

798 

833 

225.6 

2017 

358 

400.6 

864 

752 

805 

224.9 

2018 

332 

422.7 

884 

786 

835 

224.9 

2019 

296 

410.8 

861 

818 

841 

224.9 

2020 

278 

376.5 

864 

787 

830 

225.6 

1 


r 

i 

I 

i 

i 

i 


Page  1 of  2 pages 


KY 

WASTb 

NUry 

ilowat 

Total 

Non- Us able 

t Hours 

Acre- Feet 

i.O 

24S.9 

1.0 

243.6 

.6 

244.5 

5,299 

• 6 

228.5 

224.9 

225.6 

224.9 

224.9 

224.9 

.5 

231.1 

.3 

234.2 

.3 

241.2 

18,011 

230.8 

.8 

269.4 

224.9 

224.9 

224.9 

225.6 

224.9 

15,920 

255.1 

42,418 

254.8 

654 

u 

255.8 

5,344 

»<» 

266.5 

224.9 

13,026 

261.1 

11,889 

^2 

255.8 

51,517 

265.8 

17,888 

^2 

255.1 

40,791 

►5 

225.4 

244.5 

5,374 

\7 

251.6 

17,447 

1 

1 

244.0 

224.9 

225.0 

224.9 

224.9 

224.9 

225.6 

8,624 

TAiiU:  6 


TAiiLL  6 
(cont 'Uj 

TYl’ICAL  SUNt^URY  OF  lUiSHRVOIR  OPtRATlQM 
LOWG  LAKL  TO  liLEVATIOi^  895 


YEAR 

1NFL0>< 

OF  YEAR 

POOL  ELEVATltt'< 

Reservoir 

I 

Content 

Feet 

Above  MSL 

Firm  S( 

1000* s 

of  Acre- Feet 

Maximum 

Minimum 

Average 

Millions  ^ 

j 

2021 

313 

366.6 

841 

759 

804 

224.9  j 

2022 

308 

349.2 

835 

756 

799 

224.9 

2023 

327 

350.8 

842 

748 

799 

224.9 

2024 

309 

327.3 

825 

738 

788 

225.0 

2025 

343 

331.5 

822 

720 

770 

224.9 

2026 

394 

400.3 

874 

735 

801 

224.9  , 

2027 

325 

413.6 

867 

788 

831 

224.9 

2028 

311 

417.9 

883 

809 

845 

225.6  ' 

2029 

299 

408.6 

879 

793 

838 

224.9 

2030 

344 

444.5 

887 

791 

839 

224.9 

2031 

326 

458.6 

895 

816 

859 

224.9 

2032 

291 

446.8 

895 

835 

866 

225.6 

Average 


Minimum 


Average  Annual 


225.1 


NOTE:  Starting  year  1983  for  Long  Lake  is  used  to  be  corapatable  with  the  water  year  1980  f( 


TABLE  7 


TYPICAL  SUMMAT^Y  OF  PXSERVOIR  OPERATION 
LONG  LAKE  TO  ELEVATION  895 
RULE  CURVE  OPERATION 


YEAR 

INFLOW 

END  OF  YEAR 

POOL 

ELEVATION 

ENERGY 

Reservoir 

Content 

Feet 

Above  MSL 

Fire 

Seconder] 

lOOO's 

of  Acre-Feet 

Maximum 

Minimum 

Average 

Millions 

of  Kiloi 

1983 

299 

441.7 

895 

829 

866 

224.9 

20.3 

1984 

344 

451.5 

895 

819 

860 

225.6 

18.0 

1985 

326 

458.6 

895 

828 

866 

224.9 

20.2 

1986 

291 

444.5 

894 

831 

863 

224.9 

4.6 

1987 

268 

409.3 

878 

820 

853 

224.9 

1988 

291 

387.5 

860 

794 

829 

225.6 

1989 

302 

370.7 

846 

772 

814 

224.9 

1990 

340 

391.1 

854 

766 

811 

224.9 

1991 

358 

438.7 

883 

782 

835 

224.9 

1992 

293 

429.7 

894 

822 

858 

225.6 

1993 

346 

467.7 

895 

828 

863 

224.9 

6.2 

1994 

332 

464.4 

895 

832 

867 

224.9 

27.2 

1995 

316 

474.0 

895 

831 

867 

224.9 

6.7 

1996 

335 

443.7 

895 

835 

868 

225.6 

51.1 

1997 

284 

424.8 

388 

820 

854 

224.9 

1999 

28? 

399.8 

864 

814 

842 

224.9 

1999 

312 

397.5 

866 

776 

825 

224.9 

2000 

292 

371.9 

852 

773 

818 

225.6 

2001 

423 

474.0 

895 

761 

820 

224.9 

3.7 

200? 

352 

453.4 

895 

832 

867 

224.9 

32.8 

2003 

336 

452.9 

895 

835 

866 

224.9 

29.1 

2004 

357 

465.9 

895 

829 

866 

225.6 

30.3 

2005 

344 

447.5 

895 

835 

868 

224.9 

47.4 

2006 

298 

445.1 

885 

830 

860 

224.9 

2007 

357 

444.8 

395 

830 

865 

224.9 

42.0 

2008 

421 

474.0 

395 

832 

866 

225.6 

35.3 

2009 

357 

458.0 

895 

835 

368 

224.9 

41.9 

2010 

349 

441.8 

895 

835 

868 

224.9 

33.5 

2011 

315 

455.6 

895 

819 

861 

224.9 

0.5 

2012 

329 

456.0 

895 

835 

866 

225.6 

21.4 

2013 

349 

456.9 

895 

832 

867 

224.9 

39.7 

2014 

338 

463.7 

895 

834 

867 

224.9 

18.7 

2015 

252 

415.4 

888 

830 

861 

224.9 

T 


y Total 
Matt  Hours 


?45.2 

243.6 

245.1 

229.5 
224.9 

225.6 
224.9 

224.9 

224.9 

225.6 

231.1 

252.1 

231.6 

276.7 

224.9 

224.9 

224.9 

225.6 

228.6 

257.7 

254.0 

255.9 

272.3 

224.9 

266.9 

260.0 

266.8 
''58.4 
"’25.4 
247.0 

203.6 

243.7 

224.3 


Non-Usable 

Acre-Feet 


4,352 


1,368 


31,354 

4,975 

2,959 

3,622 

46,988 

9,388 

34.244 


8,624 


TABLE  7 


TABLE  7 
(cont'tl) 

TYPICAL  SU-PIARY  OF  RESERVOIR  OPERATION 
LO:jG  LAKE  TO  ELEVATION  895 
RULE  CURVE  OPERATION 


YEAR 

INFLOW 

1000 's 

END  OF  Yi:AR 
Reservoir 
Content 
of  Acre-Feet 

POOL 

Feet 

Maximum 

ELEVATION 

Above  MSL 
Minimum 

Average 

1 

Firm  Seq 

Millions  of 

2016 

266 

365.5 

861 

798 

833 

225.6 

2017 

358 

400.6 

864 

752 

805 

224.9 

2018 

332 

422.7 

SS4 

786 

855 

224.9 

2019 

296 

410.8 

861 

808 

841 

224.9 

2020 

278 

376.5 

864 

787 

830 

225.6 

2021 

313 

366 .6 

S41 

759 

804 

224.9 

2022 

308 

349.2 

835 

756 

799 

224.9 

2023 

327 

350 . S 

842 

748 

799 

224.9 

2024 

309 

327.3 

825 

738 

788 

225.6 

2025 

343 

331.5 

822 

720 

770 

224.9 

2026 

392 

400 . 3 

874 

735 

801 

224.9 

2027 

325 

413.6 

867 

738 

851 

224.9 

202S 

311 

417.9 

SS3 

809 

345 

225.6 

2029 

299 

408.6 

879 

793 

838 

224.9 

2030 

344 

444.5 

887 

791 

839 

224.9 

2031 

326 

458.6 

895 

816 

859 

224.9 

2032 

291 

444.5 

894 

851 

863 

225.6 

Average 

Minimuin 

Average 

Annual 

720 

843 

225.1 

NOTE;  Starting  year  1983  for  Long  Lake  is  used  to  be  comj)atablo  with  the  water  year  1980  for  Ci 


I 


y 


L 


Pace  2 of  2 pages 


■NERGY 

:ondary  Total 
r Kilowatt  Hours 


WASTE 

Non-Usable 

Acre-Feet 


225.6 

224.9 

224.9 

224.9 

225.6 

224.9 

224.9 

224.9 

225.6 

224.9 

224.9 

224.9 

225.6 

224.9 

224.9 
233.3 

229.6 


2,957 


rater  Lake. 


TABLE  7 


fAUUi  8 

TYPICAL  SUMMARY  OF  RLSLRVOIR  OPE RATI OM 
CRATER  LAKE  TO  ELEVATION  1022 
RULE  CURVE  OPERATION 


YEAR 

INFLOW 

ENU  OF  YEAR 

POOL 

ELEVATION 

Reservoir 

1 

Content 

Feet 

Anove  MSL 

Firm 

SeC 

lOOO's 

of  Acre-Feet 

Maximum 

Minimum 

Average 

Mi  1 lions 

of 

iy8J 

213 

106.9 

1022 

861 

950 

106.3 

1 

1981 

134 

105.8 

1022 

916 

973 

106.0 

1982 

148 

102.7 

1022 

920 

973 

106.0 

2 

19  83 

134 

103.  1 

1022 

888 

959 

106.0 

19  84 

149 

110.0 

1022 

901 

967 

106 . 3 

1 

19  85 

148 

109.9 

1022 

910 

975 

106.0 

li 

19  86 

130 

104.  S 

1022 

912 

969 

106.0 

1987 

113 

89.4 

996 

899 

955 

106.0 

1988 

12d 

81.5 

971 

854 

917 

106.  3 

1989 

132 

77.5 

958 

823 

899 

106.0 

1990 

154 

95.2 

985 

819 

904 

106.0 

1991 

175 

110.0 

1022 

882 

960 

106.0 

1992 

117 

93.  7 

1010 

919 

968 

106 . 5 

< 

1993 

144 

109.9 

1022 

893 

962 

106.0 

1 

1994 

155 

110.0 

1022 

908 

974 

106.0 

h 

19>.. 

143 

110.2 

1022 

905 

971 

106.0 

1! 

1996 

154 

104.  1 

1022 

920 

975 

106.  5 

2J 

1997 

122 

93.7 

1015 

893 

954 

106.0 

1993 

120 

89.2 

980 

891 

941 

lOo.  0 

1999 

138 

96.2 

1000 

859 

926 

106 . 0 

2000 

131 

96.  7 

1000 

862 

938 

106. 3 

2001 

190 

110.0 

1022 

885 

958 

106 . 0 

2i 

2002 

lo2 

107.6 

1022 

911 

975 

106.0 

M 

2003 

159 

107.3 

1022 

920 

973 

106.0 

2\ 

2004 

162 

110.0 

1022 

909 

974 

106.3 

2i 

2005 

156 

105.4 

1022 

920 

976 

106.0 

2i 

2006 

131 

103.4 

1014 

910 

96  7 

106.0 

2007 

162 

104.3 

1022 

913 

975 

106.0 

2i 

2008 

192 

110.0 

1022 

913 

972 

106.  5 

21 

2009 

162 

110.0 

1022 

919 

976 

106.0 

2i 

2010 

163 

103.0 

1022 

920 

974 

106.0 

2\ 

r“'~ 

t^age  1 of  2 pages 


KKUY 

WASTE 

ondary 

lotal 

Non -Us able 

’ Ki lowatt 

iloars 

Acre- Feet 

!•  S 

157.8 

25 ,205 

8.b 

114. b 

1.2 

127.2 

OO'J 

C.  0 

112.0 

3.5 

110.8 

S.'J 

121. J 

5 ,5  15 

8.5 

114.5 

1.0 

107.0 
loo.  5 

100.0 

100.0 

S.  0 

121.6 

15  ,o50 

6.0 

122.5 

2.0 

108. J 

8.8 

124.8 

8,8'JO 

5.0 

121.6 

8.8 

155.1 

100.0 

100.0 
loo.o 

100.5 

0o4 

4.4 

150.4 

27,280 

8.5 

124.5 

18,242 

1.2 

127.2 

l,0o4 

5.4 

151.7 

5,425 

4.8 

150.8 

0,824 

1.0 

107.6 

fcl.O 

155.0 

7,007 

18.4 

154.7 

28,200 

12.8 

128.8 

10,404 

tl.  1 

127.1 

20,025 

TAULL  8 
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TAUUi  8 (cont'd) 

TYPICAL  SUNCMRY  OF  RliSURVOlR  OPL1L\TION 
CILMLR  LAKL  TO  LLLVATION  1022 
RULt  CURVC  OPERATIOS 


INFLOW 


liND  OF  YEAR 
Reservoir 


P(X)L  ELEVATION 


lOOO's 

Content 
of  Ac re -Feet 

Feet 

Maximum 

Above  MSL 
Minimum 

Average 

Firm  Sc 

Millions  o 

2011 

143 

108. 1 

1022 

800 

003 

106.0 

2012 

151 

108.8 

1022 

020 

073 

106.  5 

2013 

156 

108.8 

1022 

018 

075 

lOo.O 

20  14 

151 

110.0 

1022 

020 

075 

100. 0 

2015 

113 

01.3 

1010 

008 

0o4 

lOo.O 

2010 

118 

7t>.b 

080 

850 

026 

106 . 3 

20  17 

163 

105.4 

1008 

801 

000 

106.0 

2018 

153 

104.2 

1022 

001 

068 

106.0 

20  10 

127 

104.2 

000 

004 

050 

106.0 

20  20 

125 

10 1 . 1 

1022 

802 

0()1 

106. 5 

2021 

130 

106.0 

1010 

800 

055 

106.0 

20  22 

137 

lOS.O 

1022 

014 

072 

106.0 

20  23 

150 

100.8 

1022 

020 

074 

106.0 

2024 

140 

100.  1 

1017 

010 

070 

106.3 

2025 

158 

110.0 

1022 

014 

073 

106.0 

2026 

1 8;> 

103.0 

1022 

020 

076 

106.0 

20  27 

145 

110.0 

1022 

005 

060 

106.0 

20  23 

140 

100.3 

1022 

015 

073 

106. 3 

2020 

213 

106.0 

1022 

020 

080 

106.0 

Average 

Minimum 

Average  /\nnual 

801 

061 

106.  1 

I 


4 


O 00  90  QO 


CY  waste 

idary  Total  Non-Usablc 

ilowatt  Hours  Acre- Feet 

5 110.5 

127.3 

127.8  4,852 

125.8  2,53J 
15J.8 

lOO.  5 

I lOo.o 

8 124.8  5,145 

I lOo.O 

l>  107.3 


TAliU:  9 
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TYPICAL  SUMil/XKY  UF  RLSURVOIR  OPERATION 
CRATLR  LAKU  TO  HliiVA'lia'l  1022 


YEAR  INFLOW  ENU  OF  YEAR 

Reservoir 

Content 

1000' s of  Acre-Feet 


1080 

213 

106.9 

1981 

134 

105.8 

1982 

148 

102.7 

1983 

134 

103.1 

1984 

149 

111.6 

1985 

148 

110.1 

1986 

130 

104.8 

1987 

113 

90.3 

1988 

126 

82.8 

1989 

132 

79.5 

1990 

154 

98.3 

1991 

175 

111.4 

1992 

117 

100.1 

1993 

144 

109.9 

1994 

155 

113.1 

1995 

143 

118.5 

1990 

154 

104.1 

1997 

122 

98.7 

1998 

120 

89.2 

1999 

138 

96.2 

2JC0 

131 

90.7 

2001 

196 

117.3 

2002 

162 

107.6 

20r3 

159 

107.3 

2004 

162 

112.7 

2005 

156 

105.4 

2006 

131 

110.5 

2007 

102 

104.3 

2008 

192 

116.1 

2009 

162 

113.5 

2010 

163 

103.0 

2011 

143 

108.8 

2012 

151 

108.8 

2013 

156 

109. 1 

2014 

151 

114.1 

2015 

113 

97.7 

POOL  ELEVATION 


Feet 

Above  ^fiL 

Firm 

laximum 

Mininuffl 

Average 

Million 

1022 

861 

952 

106.3 

1022 

918 

973 

106.0 

1022 

921 

979 

106.0 

1022 

888 

959 

106.0 

1022 

901 

967 

106.3 

1022 

917 

979 

106.0 

1022 

921 

975 

106.0 

998  . 

901 

956 

100.0 

973 

857 

920 

106.3 

962 

828 

903 

106.0 

991 

828 

910 

106.0 

1022 

891 

965 

106.0 

1022 

928 

977 

106.3 

1022 

911 

973 

loo.o 

1022 

922 

982 

106.0 

1022 

914 

977 

106.0 

1022 

900 

1000 

106.  3 

1015 

893 

954 

100.0 

980 

891 

941 

106.0 

1000 

839 

920 

106.0 

1000 

802 

938 

106.3 

1022 

883 

959 

106.0 

1022 

933 

988 

106.0 

1022 

927 

980 

106.0 

1022 

909 

974 

100.3 

1022 

932 

984 

100.0 

1018 

910 

969 

106.0 

1022 

929 

983 

106.0 

1022 

913 

975 

100.3 

1022 

943 

994 

100. 0 

1022 

930 

984 

106.0 

1022 

899 

969 

106.0 

1022 

924 

980 

100.5 

1022 

920 

983 

106.0 

1022 

921 

978 

106. 0 

1022 

919 

974 

106.0 

Page  1 of  2 pages 


RGY 

HASTE 

ndary 

Total 

Non- Us able 

Ki lowatt 

Hours 

Acre- Feet 

k.i 

128.4 

36,722 

1.7 

114.7 

1.1 

124.1 

6,104 

1.0 

112.0 

k.i 

118.4 

V.b 

123.6 

5,515 

p.5 

115.5 

1 

i 

100.0 

f 

lOo.  3 

' 

100.0 

; 

lOo.O 

7.8 

123.8 

15,630 

2.9 

109.2 

7.4 

115.4 

7.1 

123.1 

8,896 

^.9 

117.9 

9.2 

135.5 

13,074 

100.0 

100.0 

100.0 

100.3 

».o 

124.0 

27,280 

p.5 

125.3 

26,970 

122.2 

8,007 

ft.l 

129.4 

5,425 

14.9 

130.9 

10,964 

100.0 

5.3 

131.3 

15,264 

O.b 

126.9 

31,832 

4.1 

130.1 

15,209 

D.2 

120.2 

26,313 

D.2 

110.2 

4.7 

121.0 

9,487 

5.6 

122.0 

12,595 

b.9 

122.9 

2,539 

3.8 

109.8 

TAiiU:  9 


TABLE  9 (cont'd) 


TYPICAL  SUMMARY  OF  RESERVOIR  OPERATION 
CRATER  LAiCE  TO  ELEVATION  1022 


YEAR 

INFLOW 

END  OF  YEAR 

POOL  ELEVATION 

1 

Reservoir 

Content 

Feet 

Above  MSL 

Firm  Si 

1000* s 

of  Acre- Feet 

Maxiaua 

Miniaum 

Average 

Millions  d 

20 16 

118 

85.7 

997 

881 

944 

106.3 

2017 

163 

111.0 

1022 

842 

927 

106.0 

2018 

153 

104.2 

1022 

922 

981 

106.0 

2019 

127 

104.2 

999 

904 

959 

106.0 

2020 

125 

101.1 

1022 

892 

961 

106. 3 

2021 

139 

112.8 

1021 

890 

958 

106.0 

2022 

137 

111.0 

1022 

930 

983 

106.0 

2023 

150 

106.8 

1022 

934 

989 

106.0 

2024 

140 

108.5 

1022 

910 

975 

106.3 

20  2S 

158 

111.7 

1022 

920 

978 

106.0 

2026 

185 

103.9 

1022 

937 

989 

106.0 

2027 

145 

113.5 

1022 

905 

970 

106.0 

2028 

149 

109.3 

1022 

940 

988 

106.3 

2029 

213 

106.9 

1022 

932 

987 

106.0 

Average 

967 

Minimum 

828 

Average  Annual 

106.1 

TABLE  10 


SUMMARY  OF  FINAL  STUDIES 


Pool  Elevation 


Lake 

Operation 

Maxinu 

■ Mininua  Average 

Elevation  (ft  MSL) 

Maxinua 

Drawdown 

(ft) 

Design 

Head  ^ 

(ft) 

Hininun 

Pool 

% Design 
Head 

Maximua 

Reqrd 

Disch 

cfs 

Long 

Nonal 

89S 

719.8 

845.2 

175.2 

845.2 

85.2 

980 

Long 

Rule  Curve 

895 

819.8 

843.5 

175.2 

843.5 

85.3 

980 

Crater 

Nomal 

1022 

827.8 

967.4 

194.2 

967.4 

85.6 

400 

Crater 

Rule  Curve 

1022 

801.4 

960.7 

220.6 

960.7 

83.4 

410 

\J  Oasign  Head  is  equal  to  average  head. 


Avtrag*  Annual 


Averaga 

Annual 

Storaga 

Prlaaxy 

Sacondaiy 

Dapandabl 

Capacity 

AF 

AF 

KWII 

KWH 

KW 

5,084 

252,000 

225 ,000,000 

9,800,000 

46,700 

2,957 

252,000 

225,000,000 

10,800,000 

46,700 

8,107 

81,000 

106,000,000 

12,400,000 

23,350 

5,088 

88,500 

106,000,000 

13,900,000 

23,350 

TAUU:  11 


SNtlTISUAM  UMIT  CIUTtRlA 


I tern 

Installed  (KW)  1/ 

Primary  Lnergy  (KWH) 

Dependable  Capacity  w/overload  (KW) 
Maximum  Pool  (ft  msl) 

Minimum  Pool  (ft  msl) 

Average  Pool  (ft  msl) 

Minimum  TW  (ft  msl)  2/ 

Maximum  TW  (ft  msl) 

Power  Factor  3/ 

Load  Factor 

Maximum  Q (cfs  • normal  operation) 
Maximum  Q (cfs  » 2 unit  operation) 


Long  Lake 
40.600  (2  units) 
22s  X lo'’ 

46 , 700 
895 
720 
845 
-1.0 
16,0 
0,9 
0.55 
930 


Crater  Lake 
20,300 

106  X 10^ 
23,S50 
1022 
828 
967 
-1,0 
16,0 
0.9 

0.52  4/ 

410 

530  £/ 


1/  Units  were  made  equal  size  as  per  US8R  letter  of  29  Mar  65,  exhibit  6, 

2/  Minimum  tailwater  established  by  a sill  assumed  to  be  at  elevation  >1,0 

3/  Power  factor  is  as  requested  in  USliR  letter  of  1 Apr  65,  exhibit  7, 

4/  Load  factor  (annual)  for  Long  Lalcc  is  the  same  as  used  in  the  authdrizing 
documents;  however,  the  requirement  for  units  of  equal  size  (exhibit  6) 
changes  Crater  lake  to  approximately  52‘’4 

Ihis  flow  would  be  required  only  for  peaking  (early  summer  peak  - 34000 
KW)  during  closure  of  Long  Lake  penstock.  Increased  hydraulic  losses 
could  be  tolerated  for  peaking  during  the  short  period  of  closure. 


TABLE  11 


r"" 

»< 

■ J..  - 

TABLE  12 

1 

DETAIL  RESULTS  - ALL  PRELIMIMARY  STUDIES 

Pool  Elevations 

Maximiap 

Lake 

Maximum 

Minimum 

Average 

Drawdown 

Primary 

Elevation  (ft  MSL) 

(feet) 

Millions  of  ICWH 

Long 

815. U 

687.0 

780.3 

128.0 

185.1 

27.3 

815.0 

663. 1 

775.6 

151.9 

190.1 

22.0 

815.0 

643.4 

770.5 

171.6 

192.6 

19.1 

900.0 

784.3 

868.7 

115.7 

218.4 

20.4 

900.0 

771.0 

8(i2.3 

129.0 

222.7 

16.7 

900.0 

734.0 

850.5 

166.0 

225.2 

12.4 

950.0 

850.8 

919.4 

99.2 

237.7 

17.6 

950.0 

844.2 

915.4 

105.8 

240.2 

14.4 

950.0 

796.7 

903.3 

153.3 

242.6 

9.8 

1020.0 

942.2 

1001.5 

77.8 

250.2 

26.0 

1020.0 

941.1 

997.9 

78.9 

255.2 

20.9 

1020.0 

926.4 

991.2 

93.6 

260.2 

15.8 

1020.0 

876.0 

975.0 

144.0 

263.0 

7.5 

Crater 

1020.0 

860.8 

984.8 

159.2 

94.8 

20.7 

1020.0 

852.9 

979.4 

167.1 

99.8 

18.2 

1020.0 

845.0 

970.0 

175.0 

104.8 

13.2 

1120.0 

1012.8 

1093.1 

107.2 

109.8 

20.2 

1120.0 

1009.6 

1089.3 

110.4 

114.8 

17.2 

1120.0 

992.7 

1083.8 

127.3 

120.1 

14.7 

1120.0 

952.8 

1077.6 

167.2 

122.6 

12.5 

1220.0 

1141.1 

1197.8 

78.9 

119.8 

22.5  ' 

1220.0 

1139.0 

1195.2 

81.0 

124.7 

19.6 

1220.0 

1135.4 

1191.8 

84  6 

129.7 

15.9 

1220.0 

1105.1 

1187.0 

114.9 

133.0 

11.4 

Coabined 

860.0 

723.4 

823.7 

136.6 

282.7 

41.6 

860.0 

716.9 

822.3 

143.1 

285.2 

39.4 

860.0 

710.1 

820.7 

149.9 

287.7 

37.1 

860.0 

702.3 

818.7 

157.7 

290.2 

34.5  1 

860.0 

693.3 

814.0 

166.7 

293.2 

30.8  j 

860.0 

690.4 

812.4 

169.6 

294.2 

30.0 

900.0 

741.7 

854.0 

158.3 

316.2 

26.2 

900.0 

738.0 

853.4 

162.0 

317.2 

25.25 

900.0 

734.2 

851.6 

165.8 

318.2 

23.4 

950.0 

825.8 

911.6 

124.2 

341.2 

25.5 

950.0 

828.8 

910.7 

126.2 

342.2 

24.5 

950.0 

818.6 

908.5 

131.4 

344.2 

22.0 

950.0 

796.1 

899.3 

153.9 

348.2 

17.3 

1020.0 

935.3 

994.0 

84.7 

375.2 

25.0 

1020.0 

930.5 

990.9 

89.5 

377.7 

22.5 

1020.0 

928.2 

990.0 

91.8 

380.2 

19.5 

( 

1020.0 

905.0 

983.2 

115.0 

381.3 

15.7 



^ 

I 


Total 

Capacity 

Installed 

Dependable 

212.4 

IC4 

38,400 

43,700 

212.1 

39,500 

44,700 

211.7 

40,000 

45,100 

238.8 

45,300 

51,800 

23S^.4 

46,200 

52,700 

237.6 

46,700 

53,000 

253.3 

49,300 

56,500 

254.6 

49,800 

57,000 

252.4 

50,400 

57,200 

276.2 

51,900 

59,300 

276.1 

52,900 

60,500 

276.0 

54,000 

61,700 

270.5 

55,000 

62,600 

115.5 

19,700 

22,300 

118.0 

20,700 

23,500 

118.0 

21,800 

24,700 

130.0 

22,800 

26,000 

132.0 

23,800 

27,200 

134.8 

24,900 

28,400 

135.1 

25,400 

28,900 

142.3 

25,000 

28,700 

144.3 

25,900 

29,700 

145.6 

26,900 

30,900 

144.4 

27,600 

31,600 

324.3 

58,600 

66,600 

324.6 

59,100 

67,100 

324.8 

59,700 

67,700 

324.7 

60,200 

68,200 

324.0 

60,800 

68,700 

324.2 

61,100 

69,100 

342.4 

65,600 

74,300 

342.45 

65,800 

74,600 

341.6 

66,000 

74,800 

366.7 

70,800 

80,600 

366.7 

71,000 

80,900 

366.2 

71,400 

81,100 

363.5 

71,850 

81,600 

400.2 

77,900 

89,000 

400.2 

78,400 

89,700 

400.0 

78,900 

90,200  TABLE  12 

307.0 

79,100 

90,300 

TABLE  13 


SuMtary  of  Selected  Preliainary  Studies 
All  Alternative  Plans 


Maximum 

Pool 

Elevation 
Ft  MSL 

Minimum 

Pool 

Elevation 

Ft  MSL 

Average 

Pool 

Elevation 
Ft  MSL 

Maximum 

Drawdown 

Ft 

Design 

Head 

Ft 

Minimum 
Pool 
\ Design 
Head 

Long 

815 

643.4 

770.5 

171.6 

768 

83.7 

900 

734.0 

850.5 

166.0 

848 

86.5 

950 

796.7 

903.5 

153.3 

901 

88.4 

1020 

876.0 

975.0 

144.0 

973 

90.0 

Crater 

1020 

845.0 

970.0 

175.0 

968 

87.3 

1120 

952.8 

1077.6 

167.2 

1075 

88.6 

1220 

1105.1 

1187.5 

115.0 

1185 

93.2 

Combined  Lakes 

860 

690.4 

812.4 

169.6 

810 

84.9 

900 

739.5 

851.6 

160.5 

849 

86.2 

950 

796.1 

899.3 

153.9 

897 

88.8 

1020 

905.0 

983.7 

115.0 

981 

92.7 

Project  Document  Plan 

Long 

815 

647 

764.0 

168.0 

762 

84.9 

Crater 

1022 

820 

955.0 

202.0 

953 

86.0 

Totals  for  Project  Document  Plan 


I 

► 


Maximum  I 
R^uirma 
Discbarm 
CFS 

lUOO 

1U25 

1015 

1000 

415 

430 

400 

1420 

1450 

1450 

1410 


Conbined  Lakes 


860 


Waste 

Active 

Storage 

Primary  Secondary 

Dependab 1 e 
Capacity 

AF 

AF 

KNil 

KWli 

KM 

7000 

103000 

102.6 

10.1 

45100 

3040 

244000 

225.2 

12.4 

53000 

2100 

278000 

242.6 

0.8 

57200 

18S0 

350000 

263.0 

7.5 

62000 

4010 

75000 

104.8 

13.2 

24700 

1880 

08000 

122.6 

11.4 

31600 

1500 

08000 

133.0 

11.4 

31600 

11000 

264000 

204.2 

20.0 

68000 

6000 

285000 

318.2 

23.4 

74800 

4020 

335000 

346.2 

17.3 

81700 

3600 

348000 

381.3 

15.7 

00600 

10230 

186500 

180.0 

13.0 

8160 

84000 

100.0 

0.4 

18300 

270500 

280.0" 

2373 

11000 

264000 

204.2 

20.0 

TABLt  13 


TAUUi  14 


# 

INSTALLATIa^^  SQlIiDULIi 


Period 

iy70-iy71 

1072-1078 

1070-1080 

Units  Installed 

1 

2 

3 

Rated  Capacity  KW  1/ 

20,300 

40,600 

60,900 

Plant  Capacity  KW 

23,350 

46,700 

70,000 

Average  Prime  Energy 
millions  KWll  2/ 

82 

161 

331 

Average  Load  Factor,  percent 

50 

51 

55 

Annual  Secondary  Energy, 
millions  KWH  3/ 

128 

114 

22.2 

2/  Equal  sized  units 

V Average  is  reflected  in  demand  not  plant  capability 

V Reflects  average  available  during  growth  period 

NOTE:  Above  table  shown  on  Chart  3 


TABLE  14 


TABLt  IS 

LONG  RIVtK  AT  LONG  LAKE  OUTLET 
AVERAGE  MQN'n;LY  FLOWS  IN  CFS 

Year  of 


Year 

Analysis 

Jan 

Feb 

Mar 

Apr 

^<ay 

Jun 

Jul 

Aug 

1916 

1983 

47 

46 

47 

122 

239 

816 

807 

1011 

1917 

1984 

83 

123 

49 

63 

316 

656 

940 

1218 

1918 

1985 

92 

39 

25 

67 

283 

703 

1011 

1152 

1919 

1986 

197 

52 

47 

113 

292 

515 

816 

992 

1920 

1987 

170 

90 

43 

49 

222 

548 

867 

1133 

1921 

1988 

64 

90 

65 

104 

366 

675 

804 

809 

1922 

1989 

86 

28 

24 

no 

382 

666 

861 

992 

1923 

1990 

59 

80 

no 

169 

412 

684 

878 

919 

1924 

1991 

74 

47 

85 

127 

543 

859 

1105 

992 

1927 

1992 

95 

76 

59 

112 

432 

843 

907 

912 

1928 

1993 

176 

129 

114 

207 

523 

770 

1020 

838 

1929 

1994 

186 

40 

99 

78 

329 

780 

836 

790 

1930 

1995 

19 

42 

57 

128 

299 

672 

850 

1020 

1931 

1996 

144 

250 

49 

117 

462 

908 

902 

1029 

1932 

1997 

52 

52 

57 

102 

357 

714 

775 

828 

1933 

1998 

42 

38 

39 

284 

509 

568 

763 

788 

1934 

1999 

24 

35 

48 

90 

287 

805 

833 

1173 

1935 

2000 

43 

23 

55 

87 

263 

604 

1143 

888 

1936 

2001 

46 

38 

57 

142 

478 

944 

892 

797 

1937 

2002 

68 

44 

63 

no 

312 

905 

761 

875 

1938 

2003 

127 

125 

135 

93 

537 

704 

839 

720 

1939 

2004 

92 

75 

53 

102 

338 

749 

1001 

1254 

1940 

2005 

74 

109 

51 

146 

501 

727 

944 

1162 

1941 

2006 

44 

73 

64 

195 

424 

807 

954 

640 

1942 

2007 

98 

95 

104 

120 

408 

887 

1130 

1117 

1943 

2008 

no 

61 

93 

219 

425 

751 

1110 

982 

1944 

2009 

100 

94 

107 

123 

418 

982 

882 

846 

1945 

2010 

53 

42 

68 

114 

507 

789 

973 

768 

1946 

2011 

39 

44 

53 

86 

592 

872 

805 

963 

1947 

2012 

61 

56 

159 

177 

512 

864 

805 

715 

1948 

2013 

107 

59 

50 

64 

570 

949 

905 

799 

1949 

2014 

88 

44 

56 

120 

503 

705 

817 

894 

1950 

2015 

31 

28 

39 

66 

332 

727 

859 

734 

1951 

2016 

49 

43 

52 

101 

412 

868 

954 

637 

1952 

2017 

36 

36 

47 

142 

415 

692 

985 

905 

1953 

2018 

55 

63 

46 

80 

540 

891 

877 

961 

1954 

2019 

67 

260 

56 

47 

303 

712 

771 

596 

1955 

2020 

84 

52 

57 

63 

270 

633 

978 

1081 

1956 

2021 

28 

28 

38 

66 

462 

558 

964 

1278 

1957 

2022 

115 

42 

33 

82 

446 

756 

784 

762 

1958 

2023 

182 

66 

47 

142 

518 

985 

925 

934 

1959 

2024 

66 

66 

57 

94 

403 

855 

1143 

845 

I960 

2025 

86 

52 

68 

139 

446 

666 

986 

919 

1961 

2026 

123 

119 

94 

191 

479 

960 

1282 

1400 

1962 

2027 

173 

74 

87 

80 

288 

753 

851 

787 

1963 

2028 

137 

203 

103 

109 

366 

699 

892 

715 

1964 

118 

102 

66 

147 

295 

937 

1135 

805 

Monthly  Average 

88 

74 

65 

117 

405 

769 

922 

922 

r 


>) 


Sep 

Oct 

Nov 

Dec 

982 

572 

137 

82 

872 

61b 

623 

89 

1001 

476 

323 

171 

944 

497 

181 

121 

bOS 

360 

247 

57 

670 

650 

196 

263 

783 

450 

494 

98 

1077 

532 

492 

209 

1020 

467 

316 

264 

907 

328 

119 

47 

785 

496 

344 

297 

712 

1020 

459 

136 

774 

518 

529 

311 

775 

651 

171 

80 

920 

bbO 

115 

70 

S70 

511 

425 

109 

703 

661 

238 

180 

627 

619 

174 

271 

1018 

1486 

715 

367 

1011 

1237 

246 

163 

1149 

720 

217 

183 

78b 

808 

382 

246 

94b 

689 

205 

108 

471 

624 

416 

203 

866 

786 

161 

107 

1129 

1275 

425 

358 

658 

1018 

382 

277 

1 

930 

1284 

144 

68 

710 

589 

357 

89 

[1133 

653 

257 

209 

|J141 

489 

340 

125 

1 

839 

521 

872 

124 

\ 

909 

282 

102 

50 

[ 

699 

293 

122 

86 

1042 

1062 

420 

114 

1 

832 

858 

135 

131 

858 

440 

444 

346 

798 

319 

200 

52 

[631 

353 

410 

328 

.967 

f 

554 

424 

112 

[501 

706 

240 

135 

551 

535 

259 

190 

»25 

773 

317 

278 

579 

906 

194 

53 

142 

559 

383 

284 

168 

710 

120 

206 

162 

652 

255 

190 

144 

664 

313 

171 

lii. 

Annual  Average 
448 


TAiLE  IS 


1 

TABLE  16 

CKATER  CREEK  AT  CRATER  LAKE  OUTLET 
AVERAGE  MONTHLY  FLOIVS  LT  CFS 


Year  of 


Year 

/Vnalysis 

Jan 

Feb 

Mar 

Apr 

Jun 

Jul 

Aug 

8 

1913 

1980 

47 

48 

57 

203 

531 

830 

858 

4 

1914 

1981 

21 

45 

37 

53 

144 

272 

517 

409 

2 

1915 

1982 

36 

17 

45 

74 

235 

414 

497 

469 

3 

1916 

1983 

18 

18 

19 

44 

90 

370 

370 

464 

4 

1917 

1984 

35 

45 

23 

24 

142 

305 

441 

539 

3 

1918 

1985 

33 

17 

13 

21 

129 

347 

482 

591 

4 

1919 

1986 

68 

15 

12 

47 

118 

217 

417 

511 

4 

1920 

1987 

100 

35 

16 

20 

53 

177 

406 

532 

2 

1921 

1988 

24 

31 

24 

34 

138 

305 

399 

360 

2 

1922 

<989 

34 

10 

10 

35 

145 

287 

437 

471 

3 

1923 

1990 

21 

28 

38 

47 

160 

297 

452 

483 

5 

1924 

1991 

28 

17 

30 

39 

229 

400 

584 

566 

5 

1927 

1992 

35 

27 

25 

38 

161 

350 

377 

357 

3 

1928 

1993 

89 

31 

40 

42 

193 

381 

528 

377 

3 

1929 

1994 

76 

19 

49 

29 

92 

382 

419 

404 

3 

1930 

1995 

5 

9 

15 

34 

104 

308 

420 

484 

31 

1931 

1996 

68 

102 

22 

45 

211 

402 

417 

474 

3 

1932 

1997 

20 

20 

15 

33 

105 

284 

362 

3u6 

41 

1933 

1998 

14 

13 

15 

66 

211 

230 

379 

367 

21 

1934 

1999 

7 

12 

18 

31 

100 

371 

420 

565 

3 

1935 

2000 

15 

10 

20 

30 

90 

251 

606 

418 

2 

1936 

2001 

16 

13 

21 

42 

194 

462 

454 

371 

4i 

1937 

2002 

26 

16 

23 

35 

112 

436 

379 

411 

4( 

1938 

2003 

55 

43 

46 

32 

225 

309 

423 

333 

5. 

1939 

2004 

37 

26 

20 

33 

124 

337 

520 

608 

3! 

1940 

2005 

28 

38 

15 

43 

205 

323 

485 

560 

4 

1941 

2006 

15 

25 

24 

51 

166 

372 

491 

293 

21 

1942 

2007 

40 

33 

36 

37 

158 

425 

538 

536 

3! 

1943 

2008 

45 

21 

33 

56 

166 

337 

585 

466 

5: 

1944 

2009 

41 

33 

37 

38 

163 

488 

448 

396 

2! 

1945 

2010 

19 

15 

25 

36 

209 

361 

502 

357 

41 

1946 

2011 

13 

15 

20 

30 

255 

414 

403 

457 

3 

1947 

2012 

23 

19 

53 

48 

212 

409 

403 

330 

s: 

1948 

2013 

44 

20 

19 

25 

243 

466 

461 

372 

51 

1949 

2014 

35 

16 

21 

37 

207 

310 

410 

421 

3 

1950 

2015 

10 

10 

15 

25 

122 

323 

436 

339 

4 

1951 

2016 

17 

15 

19 

33 

160 

411 

489 

291 

3 

1952 

2017 

12 

13 

18 

42 

161 

302 

511 

426 

4 

1953 

2018 

20 

22 

17 

29 

227 

428 

446 

456 

3 

1954 

2019 

25 

89 

21 

20 

108 

314 

384 

271 

3 

1955 

2020 

33 

18 

21 

24 

93 

267 

506 

518 

31 

1956 

2021 

9 

10 

15 

25 

185 

226 

497 

621 

2 

19S7 

2022 

48 

15 

13 

29 

177 

342 

392 

354 

4 

1958 

2023 

84 

23 

18 

42 

216 

490 

474 

442 

2 

1959 

2024 

25 

23 

21 

32 

156 

404 

606 

396 

2 

1960 

2025 

34 

18 

25 

41 

177 

361 

511 

434 

41 

1961 

2026 

52 

41 

33 

52 

194 

473 

691 

684 

3 

1962 

2027 

79 

26 

31 

29 

101 

340 

431 

367 

4 

1963 

2028 

59 

70 

36 

35 

138 

306 

454 

330 

5' 

1964 

50 

35 

24 

43 

104 

458 

599 

375 

11 

Monthly  Average 

35 

27 

25 

38 

160 

355 

473 

446 

3 

RESERVOm  ELEVATION 

ENEROV  OUTRUT  IN  MILLION  KWH  INFLOW  S OUTFLOW  IN  100  CFS  >N  FEET  ABOVE  MSL 


LEOENO:  W77h 
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I.  EnortV  ObwonO  a wHfor"i  toiol  ol  Z2B  mllllm  fcllowotl  howrt  por  roor  with  mofiihly  tiuctMMOfK  ••  *(Blo<  l»  * 
9.  UtoWo  Bplll  cmIB  proOuet  * B mllllON  tiour*  ptr  ovorog*  V*«r 

S.  Totii  opIM  WOB  13,922  oero-tMt  P*' »«•'««•  y«« 

4.  Toors  art  pro)«eU4  Info  IM  oebhmO  tiM  of  pi«)oct  oporoiiow  wHli  1993  ooulvotofii  to  tM  flnrt  iro»  of  porM  of  r 


RESERVOIR  ELEVATION 

ENERGY  OUTPUT  (N  MILLION  K«H  INFLOW  8 OUTFLOW  IN  100  CFS  FEET  ABOVE  M5L 


U S ARMY  ENGINEER  DISTRICT  ALASKA 
or  ENO>NCC«»« 


SNETTISHAM  PROJECT.  ALASKA 
FIRST  STAGE  DEVELOPMENT 
CRATER  LAKE 

TYPICAL  REGULATION  RESULTS 


I — I y » ^ 

IGN  MEMORANDUM  NO-  7 APPENDIX  A PLATE  4 


__ 

>«•  rftr\. 

«r*« 

B 

T 

. / 

-T 

./ 

j) 

1 

, 

X 

1 1 

/ 

4 

j 

; 1 

L 

J 

j| 

1 

JL 

□ 

1 

d 

L 

•'  'i 

u 

v-'  . 

t|20l3 

2014 

2015 

2016 

2017 

2018 

20)9  2020 

2021 

2022 

2023 

2024202S202G2027 

2028 

2029; 

OUTPUT  IN  MILtlON 


HEAD  STOMAOC 

EOM 


Cf»  PTMK  nH»L 


1*0. «0 

••t.  ti  «u.^l 
««%.00  •••.») 


*»«■  or 
■fi.rt  •«?. 

•«*.«/  all.. 
»>).!»  ita.i 
•ta.Oi  aio. 

•)«.< 
ati.' 
aaa.t)  ara. 
aaa.oo  aao.. 
aai.oo  a««. 
aat.a)  aai.i 
aai.  II  aaa.' 


siuo«  ia«i 

'I 

0 *taa*a. 

1 laioa}. 

>a  ITaiaa. 

laiaao. 
>1  laaiar. 

I*  a^iiaa. 

«T107«. 

I ia«ooo. 

ift  *a«ooe. 


viaa  or  iiuov  taaa 
t.7l  ata.o}  aaaaat. 

t.aa  aaa. 10  ajDo;. 

).*a  a'a.70  aouara. 

l.aa  a>a.ia  laisar. 

i.oa  a a.ia  irrita. 

i.ai  a'a.aa  laarii. 


.41  («a.ai 
.21  I'l.ai 
.00  aaa.02 
.00  aao.iT 
.01  aao.ar 


*U.  aaa. at 
air.  ait.ai 
laa.  a2a.4a 


ituoa  ia«t 
oa  aioaai. 
II  auaai. 
01  laaati. 
I)  laaiai. 

at  iiiaro. 
ar  jaioia. 
to  iaai;2. 
la  aaiori. 
ai  aiiaal. 
If  aaoioa. 
90  airsil. 
la  aiiiar. 


aa  or  iruo* 
aaa. It 
aia.aa 

ail. 10 
aoa.ai 
rai.ii 
001. i» 

air.ia 
aia.oa 
aaT.ai 
aia. ra 
aaa.aT 

aai.aa 


Tfoa  or  sTviOT  ia«a 
aio.oi  aia.ia  laaoar. 

ail.ia  all. la  laiooi. 

rai.ra  aoi.oi  iiaiio. 

riT.ai  »a9.»»  laaaar. 


iTuDv  laao 
la  laiiai. 
la  iiooQi. 
II  loaaia. 
aa  laiaia. 
la  laiiir. 
la  lOTiio. 
aa  naiaa. 
ai  laiiaa. 
II  aoroaa. 
19  aiiira. 
oa  aiaiaf. 
ra  laooi). 


riaa  or 
aaa.aa  iro. 
aai.  19  091.1 
aia.aa  aaa. 
aia.ot  an. 
aia.ao  aia. 
aaa.aa  air. 
009.94  199. 

aai.aa  ara. 
109.00  aaa. 
aai.ao  aai. 
ill. II  aar. 
aaa.ao  ara. 


troor  laai 

•I  179110. 
ai  191109. 
la  990409. 
49  111191. 
90  119919. 

09  140949. 
II  191109. 
61  411970. 
II  469094. 
01  400191. 
41  499099. 

10  447014. 


9TU0T  1991 
•1  416911. 

7 406019. 

I 114140. 

a 109911. 

a 100049. 

1 199176. 

1 417907. 

6 400994. 

a 414000. 

I 470011. 

I 490040. 

1 411119. 


K«M/*r 

KW/CFt 


al.il  '66. 

6f.60  799. 

61.91  144. 

60.70  716. 

60.04  716. 

60. 4»  fit. 

61.17  *49. 

61.17  t60. 

64.09  779. 

64.16  777. 

61.06  7i:. 

6«.10  764. 


61.7$  771. 

64.1*  777. 

69.11  777. 

61.90  771. 


61.10  761, 

61.17  791. 

61.14  741. 

60.40  710, 

99.71  72J. 


99.97  719. 

61.16  741. 


61.01  761. 

64. 10  779. 


64.19  771. 

64.  19  776. 

61.76  771. 


61.10  761. 

61.92  799. 


60.  6 727. 

60.  r *20. 


60.  *9  717. 

62.11  794. 

61.67  770. 

64.20  777. 

69.01  776. 

61.  11  766. 


62.00  797. 

61.91  760. 


61.02  710. 

aO.Oa  72a. 


90.21  710. 

90.20  710. 


00.19  727. 

01. 00  747. 

02.90  701. 

01.17  704. 

02.02  760. 

61.06  791. 


61.09  710. 

60.09  777. 

11.90  711. 


17.77  099. 

17.06  690. 


97.41  694. 

91.61  709. 


60.01  716. 

60.96  717. 


61.60  749. 

61.99  766. 

60.97  717. 


60.17  720. 

90.07  711. 

97.94  606. 

96.17  670. 

99.40  670. 

99.71  676. 

97.07  600. 

90.06  711. 

60.40  791. 


00.14  7ia. 
90.09  702. 

96.74  606. 

99.90  672. 

99.00  669. 

99.49  671. 

96.19  607 

90.09  700. 

60.40  711. 

01.40  746. 

61.42  741. 

61.00  761. 


90.19  710. 

90.11  701. 

96.07  600. 
96.91  601. 

97.90  606. 

90.96  720. 

61.66  761. 

62.04  161. 

61.60  770. 

61.97  760. 

61.10  764. 


62  . 94  797. 

61.71  747. 

60.01  710. 

99.00  724. 

90.90  710. 

60.22  720. 

61.96  766. 

62.09  760. 

64.01  774. 

64.12  777. 

61.79  771. 

61.09  761. 


POOL 

ttClMTtOM 

tOM 


041.17  044. 6* 

060 . r j I ' I . a > 
070. to  006.04 
09b. Ot  004.00 


llgo*  10*4 

00  49  tor*, 

at  411260. 

61  412270. 

60  102911. 

99  100706. 

16  4126*0. 

49  441170, 

10  46*010. 

11  404000« 

07  404000. 


OtK  707.  400. 

910  1010.  424. 

OCI  1440.  4|). 

not  719.  490. 

OK  147.  411. 


LONG  LAKE 


(141  or  91U07  10*0 


T(4«  or 
III.  14  010. i 

919.66  929. 

707.46  006. 

700.01  710. 

772.00  770. 

701.90  770. 

010.72  026. 

044.00  040. 


ifuer  io«* 
0 171791. 

4 147091. 

7 124491. 

0 101104. 

7 I0II20. 

0 lOaOM. 

1 laoooo. 

1 170797. 

2 10194*. 

I 401191. 

7 1140*1, 

0 I7I0A1. 


not  07  ItUP*  2MI 
114.71  022.71  I4**«|. 

700.10  004.07  127*17, 

777.00  700.11  209911, 

70C.OO  700.11  270794 

761.01  761.16  202104 

700.  70  771.41  mail 


120.16  020.20  107*A7 

091.04  060.12  aeiMl 

007.92  000.10  460009 

009.00  900.02  4|liM 

001.10  001.07  OlOTAt 


7100  or 

001.47  000.' 

060.66  079.) 

097.02  061. 

047.70  192. 

044.01  049. 

001. 'I  111. 
070.22  000., 

001.21  004. 

091.00  002. 

001.60  O*!. 
000.79  101. 

070.07  009. 


97U07  24M 

490*99 

419440 

4|427« 

100471 

1917*1 

4ll»ll 

44  7141 
4791*9 
404*M 
404*01 

47LSH 

491411 


MONT‘H.Y  RE9ULATI0M  COMPUTATIONS 


lOM 


tm/v 


TAIL 

•AfTC  MTCM 


ICCONOAAV 

CNfHOV 


MMAMT 

»0«(N 


KWM 


CNIAtT 

K«M 


KV/trt 


0. 

0. 


• I*}. 
tl*«. 
0. 
0. 


l•r•lOO«. 
140*1(90. 
( n«l«00. 
i*r«i090. 

I (0«*O0C. 
iri«*290. 


41. •*  n«. 

jllM.  tl.M  1*1. 

i»<**.  M.M  M4. 

44. t«  (}«. 
4M*«.  44.I?  ?<). 

lINt.  49. «l  (If. 

fftro.  41. M >49. 

f(4«l.  41.N  I**. 

f4«l«.  44.19  tM. 

f449t.  44.19  m. 

ffflf.  44. fl  Iff. 

J9994  . 4l.9f  n4. 


Af 


9.  .4 

0.  I4 

0.  .* 

9.  .4 

9.  .4 

0.  .4 

0.  .4 

0.  .9 

0.  .4 

9.  .1 

9.  .9 


Mfi! 


Ll*«9 

MUI. 

I9m. 


iz; 


c.  9. 

0.  0. 

0.  9. 

0.  0. 

0.  9. 

4.  c. 

0.  0. 

0.  0. 

1)99.  loofiro. 

19193.  I90lf990. 

f90.  flT999. 

0.  9. 


0.  0 

0.  0 

0.  0 

0 0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

nil.  f«}24IO 
*44f.  1*9*410 

0.  0 


0. 

0. 


2flf9. 

19929. 

l**T2. 


0. 

1(191900. 

1*1(1*00. 

11*09900. 


0. 

0. 

0. 


0. 

9. 


200*1109. 
19249*00. 
11(91009. 
199*1100. 
1(991*00. 
14(91000. 
I (09*000. 
1(9**200. 
(94**000. 
19(09200. 
21012*00. 
21*19100. 


200*1100. 
192*9*00. 
19(91000. 
190*1100. 
I (991*00. 
1*(9IOOO. 
1(09*000. 
1 (9**200. 
194**000. 
19(09200. 
21012400. 
21*11100. 


20041100. 
19911(00. 
19(91090. 
19041100. 
1(991400. 
>4(91000. 
1 (09*000. 
1(94*200. 
19*4*000. 
14(09290. 
21012*00. 
21*19100. 


20041100. 
19299400. 
19(91000. 
19041100. 
1 (991400. 
14(91000. 
1(09*90C. 
1(94*200. 
10*4*000. 
19(09200. 
21012*00. 
21*19100. 


100*1100. 
19299*00. 
19(91000. 
190*1100. 
I (991*00. 
l»(9IOOe. 
I (09*000. 
I (9*«200. 
11***000. 
19(09200. 
21012*00. 
21*19100. 


1*9*0.  41.4*  M(. 

2(190.  42.(4  (99. 

291*4.  41. M (49. 

2999(.  41.11  m. 

2M44.  40.41  (11. 

21ie(.  41. 9(  (M. 

229(9.  42.19  (92. 

21991.  41.11  (49. 

29919.  44.91  ((4. 

24499.  44.21  T((, 

29212.  94.19  ((I. 

29099  . 91.99  (Tl. 


24949.  41,12  (91. 

2(199.  42.21  (92. 

29244.  41.11  (41. 

2909(.  4«.ll  (12. 

21*44.  19.9*  (29. 

2110(.  49.19  (It. 

219(9.  91.22  (49. 

21991.  42.91  (9f. 

29*19.  *1.11  ((2. 

2**99.  94.lf  (((. 

29212.  *4.29  (((. 

29094.  *4.14  ((*. 


2**49.  «|.ro  tro. 

2(190.  91.17  (94. 

29244.  42.99  (99. 

29097.  91.(4  (47. 

21*44.  41.11  (44. 

21107  . 42.24  (91. 

«*(•.  41.14  (49. 

219*1.  *4.17  ?(*. 

2141*.  **,21  (((. 

2*499.  44.21  (((. 

29212.  *4.09  (74. 

29094.  41.29  (99. 


29*40. 

2(199. 

29244. 

29097. 

21444. 

21107. 

229(9. 

21991. 

29919. 

2*499. 

29212. 

2999* 


*2.19  (94. 

41.41  (41. 

*9.12  (12. 
99.91  (20. 
99.91  (II. 
19.19  (|(. 

*9.}(  (10. 

*1.19  (44. 

42.44  (9*. 

41.94  (49. 

41.*l  (*(. 

*2.94  (9*. 


2**49. 

2(199. 

2124*. 

29097. 


229(1. 

219tl. 

29*19. 

2*4*9. 

29212. 

2909*. 


*1.91  (49. 

*0.99  (91. 

19.49  (1*. 
99.19  (01. 

1* .94  (09 . 

19.02  (14. 

99.91  (21. 
40.94  (IT. 
*1.49  (4*. 

*1.97  (49. 

42.0*  (99. 

*1.91  (44. 


0.  20041109. 
0.  192*9400. 
0 10(91900. 
9.  19041100. 
0.  1(991400. 
0.  14(91000. 
0.  1(09*000. 
0.  1(94*200. 
0.  1*444000. 
0.  19(09200. 
0.  21012*00. 
0.  21*19100. 


2*949. 

2(1*0. 

29249. 

29097. 

21944. 

21107. 

229(1. 

219*1. 

29*19. 

2*4*9. 

29212. 

2999*. 


99.11 

97.91 

94.92 
19.49 
94.91 
K.M 
99.44 
41.2* 
*t.9( 
41.94 
41.19 


(II. 

(U. 

(00. 

494. 

4(2. 

4(9. 

4*9. 

(21. 

(41. 

(49. 

(49. 

(41. 


C.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

9.  0 

0.  0 


0.  0 

0.  0 

0.  0 

0.  0 

e.  0 

0.  0 

0.  0 

0.  0 

0.  0 

49.  19IM 

0.  9 


0.  0. 

9.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

19920.  191(1400. 
1*190.  19012900. 
0.  0. 

0.  0. 


T 


20041100. 

ii*i((oe. 

IKIMOO. 
19041109. 
I (991400. 
14(91000. 
1(099000. 
1 (94*200. 
1144*900. 
19(09200. 
21012900. 
2UI9IOO. 


2*940. 

22110. 

2924*. 

29097. 

21*44. 

2iie(. 

229(1. 

21991. 

29*19. 

2*499. 

29112. 

1*099. 


*9.41 

99.11 

97.(9 

99.49 

99.41 

99.  M 

97.14 

99.19 

49.44 

90.9* 

99.99 

99.0* 


(19. 

4*9. 

*92. 

4(9. 

*(«. 

*91. 

(19. 

(11. 

(K. 

(19. 

(I*. 


20041MO. 
' *(*9499. 
1*791000. 
*9041100. 
••*1*00. 
<1000. 

'94*200. 


19(0*200. 

21012*00. 

11*19100. 


20041100. 

192*9400. 

19(11000. 

19941100. 

1(191409. 

19(91000. 


1(94*200. 


19(09200. 

21012*00. 

21*19100. 


29*40. 

IM90. 

2924*. 

29097. 

21*44. 

2110(. 

219*1. 

19*1*. 

2*499. 

2«tU. 

20099. 


2*940. 

2(1*0. 

29249. 

29097. 

21*44. 

2*M(. 

22*(0. 

IMO'l. 

29*19. 

2***9. 

2*212. 

29099. 


9*.*t 

9T.99 

99.29 


9*.  *9 
40.49 

*2.91 


*1.(9 
*2. 9* 
41. Of 
91.2* 
90.94 
91. M 
*2.49 
*1.9* 
*4,17 


U.S.  ARMY  ENOINECR  DISTRICT.  ALASKA 

compm  or  KNaiNom 


— 


SNCTTISHAM.  ALASKA 

LONG  LAKE 

I MONTHLY  REGULATION  COMPUTATIONSi 


DESIGN  MEMOIANDUM  NO  T APPENDIX  A PLATE  9 J 


J 


rcO«  CLCMTiON  H(AD  STOMAOC 

<OM  EOM 

HATt  K<«  AytftAK  AMfftAOE 

C^t  c^t  rriitc  rTHK  rr  Af 


Ag  I 

j4a  iir.  «/•. 

#t«  U«>  *t'. 

mtM  ■»%.  *11. 

«#■  «>.  «(2. 

«4r  *ir.  1*1. 

ra**  XI . 

tVA.  kX. 

•uC  rio>  x«. 

UP  11*4.  ttP. 

OCI  TIO>  ll-t. 

«OV  Ilf.  ««*. 

OK  «*'. 


••*.*«  at*. 

•4k. wO  ako./* 
Kk.Ok  ati.to 

•kg. at  ••!.•« 

•k*.*^  akk. kk 

•kk.  Ik  an.  X 
•kr.ti  ••;.•» 
•aa.ai  avk.oo 
•kk.oo  akk.Ao 

•«i.k*  ••>.•• 

•ai.ki  aro.ka 


JOOl 
kkktki 
*1  ikkk 
kOUk/^ 
kaxaa 
Skjkkk 
kOkft  X 
kXkki 
kkkiik 
*a«0Q0 
*•*000 
k*«ri* 

••k.to  kkiaak 


T(aa  0*  kiuD* 
•Ik. Ok 
•kk.Ok 
•kk.k/ 
•kt.kt 

•kk. Ik 

•k?. ko 
•ik.kk 
••k. •• 
•kk.oi 

•••.«> 


SECOMOAAV 

CWCIItT 

SAIVL 

hf  ««M 


0.  0 

0.  I 

0.  0 

U.  0 

0.  0 

0.  0 

c.  u 

Ikkik.  IMDkOO 

lakik.  Xkkkkoo 

0.  » 

0.  0 


MiMAAV 

pomM 

mnvt 

OfM  R« 


/eokiMo.  <•«*«. 

iiikkkoo.  iriao. 

ttXIOOC.  jktkk. 

<•A*!i9C. 

1 IkVlkOO.  lit**. 

ikifiooo.  }kko>. 

HOkkOOU.  1191$. 

tikx/00.  )ikaf. 

tk**k090.  /kkia. 

IklOk/OC.  ^kkO). 

<1017000. 

iikXioo.  lookk. 


MOlfCr  Ml  1 
jkA  «<.  kik. 

>(■  >k.  kx 

«ka  ki.  kii. 

kW  107.  ktk. 

•kT  !»•.  Ikk 

Ikk.  i:a. 

out  tool.  Ilk. 

kuO  Uk*.  III. 

k(»  Xk.  Itt. 

(XI  ao*.  fit. 

>tOt  ia<.  kkk. 

0<C  Ikk.  kkk. 


•tk.kt  ••!.•• 

•kl.Ok  Ikk. 7k 
jkk.kl  akl.kO 

•tk.ar  aio.ti 

7«. n •<•. ka 
•ik.ki  ak/.ia 

•7k. kk  akk.Ok 

•kk.M  Akk.OO 
•fk.oo  Ikk. 00 
•kk.})  akl.ki 
••O.Ok  •••.*) 


(•  Ok  }IU>I  700* 

• l}.ll  kXlkO. 

•kl.kk  k||7)k. 

•kk.oo  XkOki. 

• Ik.X  llOlkl. 

•7k. 7k  IkkDk. 

•Ik.kk  l••lkk. 

•kl.lO  k7«lli. 

•la.ki  kaoiai. 

•k}.*k  k»kOOD. 

••7.«i  kakoeo. 

•41. ai  kraaik. 

••k.«7  kooOok. 


700k>t00.  7**k0. 

(••(1700.  into. 

ItXtOOO.  7k|kk. 

(•OkllOO.  710k7. 

likkikOO.  7U*k. 

IkkaiOOO.  71)07. 

ilOkkOOO.  77kfa. 

t7lk*700.  7)ka). 

takkkooo.  7kai4. 

lorokioo.  i*«oi. 

llOtIkOO.  )•l(). 

7(kiaioo.  aootk. 


KW/Cf< 


•Am 

AO 


TAlt 

•ATfl 


kt.a*  iM. 

k7.0k  Mi. 
kl.kO  Ik). 
ke.»a  7)4. 
•0.*»  Mi. 
ki.ok  7ia. 

• 7.0k  IkO. 
kl.Ok  Ikl. 

• ).••  II). 

**.77  777. 

kk.Ok  Ilk. 

• >•*•  IkO. 


•k*.  i.a 

0.  l.k 

0-  .k 

0-  .k 


*7.77  Ikk. 
kl.Ok  Ikk. 
•1.0)  iia. 
kO.lk  777. 
kO.kQ  III. 
kO.OI  77*. 

• l.lk  1*7. 
kk.ll  Ikk. 
kk.il  77*. 

• 4.71  777. 

•k.  14  777. 

•I. Ok  771. 


rtOJIOl 
IkN  I*. 
)«•  10*. 
*M  ki. 
k*a  Ik*, 
■ki  kOI. 
4VM  ?7<. 


kk*  Ok*. 
OCI  ••«. 
MOV  70). 

oac  10*. 


I 

•Ik. 

k)k, 

kOk. 

ktl. 

)•«. 

klk. 
)kl. 

• kk  . 
777. 

kll. 

kkk. 

kkl. 


T(i 

•40. I«  41k. 1) 
•70.10  okk.oa 
•kO.ki  aki.ik 
•k7.ka  ak).!! 
•ks.ia  aki.kk 
•kk.kl  •kO.X 
•kk.7)  aik.oi 
•ai.O)  akk.oo 
••k.oo  akk.oo 
•kk.oo  akk.oo 
•41. 7k  aai.ki 
aai.kk  aik.ik 


>■  00  iruo*  700k 
•06. 7*  kkkikl. 

•kk.kl  *711)7. 

•kl.kk  kOklll. 

•kl.kO  )a4)k7. 

•kk.kl  )«k7kk. 

•kl.Ok  kIkkOO. 

••a. ra  kkiii*. 

••k.kk  kakOOO. 

•47. kl  kakOOO. 

•41.10  kakOOO. 

•40. I)  kkkOkk. 

••t.kl  kk7)0k. 


0 

0 

0 

1 1001 
Ikki* 
11004 
0 
0 


0, 

0. 


0. 


ll77lkOQ 

14171*00 

niiaioo 

0 

0 


lookiaoo.  7*««o. 
laikkkoo.  77iao. 
laiOMOO.  7k7kk. 
laOkllOO.  710)7. 
llktlkOO.  7)144. 
ikiaiooo.  7)>o). 

llOkkOOO.  77«7a. 

likkkioo-  DID. 
IlkkkOOO.  7kkl*. 
IflOklOO.  7*411. 
710)7*04.  7471}. 

iikiaioo.  700I*. 


•1.74  fit.  a. 

*7.k7  Ik*.  0. 

kl.17  14*.  0. 

kO.kk  1)1.  0. 

•0.14  Ikk.  0. 

• I.)k  147.  0. 

kl.kl  7)4.  0. 

kk.kl  77).  0. 

•4.71  777.  |)07k. 

•4.77  777.  0. 

*4.04  77k.  0. 

*9.)7  70*.  a. 


•AQliC) 

JM  kk. 

#(a  I). 

«kA  kk. 
**•  Ikk. 
Nkl  kIk. 

jun  aoi. 

JUi  k)k. 
kuO  kkti. 
If*  kll. 
xr  kik. 
HQk  * I k . 
OK  70). 


k)l. 

kkl. 

kik. 

kta. 

)kk. 

)a*. 

)i). 

)7k. 

kOk. 

kia. 

*44. 

*49. 


•*•.  la 

aai.kk 

akk.ak 

a)).  Ik 
aio.ii 
a)a. 17 
ak4.44 
I7».kk 
a77. Ik 

aai.ka 

••*.o» 

a7k.7) 


tlkA  Ok  Modi  700* 
ak).ii  a*4.7«  *7)70*. 

aki.ai  akk.44  koiiki. 

a)7,ik  a**.  )i  )ai*)7. 

a74.4*  ait. 7k  ikaiko. 

aiO.kk  *74. kk  )700)7. 

•kk.ko  a)a.)i  )k4o)«. 

4*7. Oa  a4k.k)  k)g7kO. 

474.04  411.1)  kkkkkk. 

*14.72  alA.kl  *>040*. 

Jak.i)  aao.)*  **1**4. 

a>.k)  **).>*  **0470. 

474.0*  17*. kk  **407). 


0. 

0. 

0. 


0. 

0. 


0 

0 

0 

0 

0 

0 

c 


0, 

0. 

0. 


700k))0«. 

laikkkoo. 

ta7a)ooc. 

laokiioo. 

i ikkikoo. 
1*7*1000. 
t 704*000. 
I74k«700. 
lakkkOOO. 
14704700. 
710)7*00. 
71*1*100. 


7k*ke.  *7.40  74k. 

77UO.  kl.kl  7*4. 

747kk.  *0.77  l)k. 

74047.  kf.fO  77k. 

7)kk*.  kk.kl  771. 

2))07,  *0.7*  724. 

77«ia.  kl.kk  744. 

7)4*4.  k7.*k  747. 

74*14.  k).0)  Ikl. 

7***4.  kl.)4  7kk. 

74717.  k).44  Tka. 

ivoak.  ki.iT  7*k. 
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NOTES: 

I-  Assumed  sill  elevation-  - 1.0  MSL. 

2.  Assumed  sill  width  - 76  Feet. 

3.  Rating  curve  based  upon  Q>3LHjif. 

4.  Assumed  discharge  balanced  in 
pro^rtion  to  ave.  annual  inflow. 

5.  Assumed  tide  at  0.0  . 
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DISCHARGE  VS  GATE  OPENING 


EXPECTED  PERFORMANCE 
LONG  LAKE  FRANCIS  TURBINES 
32,000  HP -706'  NET  HEAD-514  RPM 
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STORAGE  IN  1.000  ACRE-FEET 

LONG  LAKE 


NOTES 

I.  Ttit  AREA-STORAGE  cur«a«  or*  tokan  Iratn  Houa*  Oacbmani 
No  40,  67th  Confraaa,  lat  Saatton.  upOotadwth  racant 
survajr  dolo 

Tha  USABLE  SPILL  (lacondory  *rtar«y)mdicata*  anarfy  tMf  t4 
to*  productd  from  wolar  Sayond  ttora^*  capacity  but  rtat  bayaad 
macnmt  capacity 

Tha  REVENUE  cur**  ift  boatd  art  a mill  rat*  of  7SW/KWH  fv 
primory  and  5 M/KWH  (from  projact  dacumant)  far  aacandar) 
anargy  and  ora  to  Pa  uiad  for  camponaan  purpaaa*  only 
Tha  TOTAL  ENERGY  curv*  <•  campaait*  of  total  aaarfy  6a«6B# 
■mpoatd  on  tha  projact  plua  tacandary  anargy 

MAXIMUM  DRAWDOWN  it  thevn  in  f*at  and  minimum  papi 
>1  theain  ot  an  alavation  in  faat 
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PRELIMINARY  STUDIES 

LONG  LAKE 
AREA-STORAGE  6 SUMMARY  CURVES 
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NOTES 

I Tht  AREA-STORAGE  ctirvtt  or*  tek*n  from  Hou*A  OocimmM 
No  40,  87th  Congrot*.  lat  Sonlen  Updotodwith  rKont 
survey  doto 

Th*  USABLE  SPILL  (s*condory  «n*rgy ) indicoto*  onorgy  th«t  i 
b*  producid  from  «oi*r  beyond-  iiorog*  copocity  btff  nef  toyeod 
moctiin*  copocity 

The  REVENUE  curv*  is  bOMd  on  o mill  rot*  of  7.9  M/KWH  fir 
pnmory  ond  5 M/KWM  (from  prO|OCf  dOCum*nt)for  tocondory 
«n*rgy  ond  or*  to  b*  us*d  fbr  companion  pwrpo***  oMy. 

Th*  TOTAL  ENERGY  curv*  i*  cemposit*  of  tofol  *A4rV  dMHM 
imposed  on  th*  project  plus  e*condory  energy. 

MAXIMUM  DRAWDOWN  is  shown  in  feet  ond  mlntiwm  Rtdt 
s shown  os  on  elevation  in  feet 
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Appendix  B - Transmission 


PERTINENT  DATA 


TRANSMISSION  SYSTEM 

LOCATION; 

Juneau  substation,  2 miles  southwest  of  Juneau,  along  Gastineau 
Channel,  across  Taku  Inlet,  down  Stephens  Passage,  along  Speel  Arm,  to 
the  Snettlsham  Switchyard,  near  the  mouth  of  Speel  River. 

AUTHORIZED; 

Flood  Control  Act  1962,  providing  for  design  and  construction  by  the 
Corps  of  Engineers  and  for  operation  and  maintenance  by  the  Bureau  of 
Reclamation. 

PLAN; 

Construct  a switchyard,  with  transformers,  at  Snettlsham  to  raise  the 
generator  voltage  from  13.8kv  to  138kv.  Transmit  a maximum  of  77  MVA  along 
44.6  miles  of  overhead  conductor  and  through  2.7  miles  of  submarine  cable 
to  Juneau  substation.  Construct  Juneau  substation  for  transforming  the 
power  to  69  and  23kv. 
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PROJECT  FEATURES 

» - . I • 


POWER! 

lit:  1 . 

Voltage 

Energy  transmitted 
Power,  maximum 
CAPACITY: 

Juneau  substation  capacity 
Snettisham  switchyard  capacity 
Submarine  cable  capacity 


CONDUCTOR: 

Size,  conductor 

Phase  spacing,  wood  structures 
Phase  spacing,  steel  structures 
Ground  clearance 


SUBMARINE  CABLE: 

I . • 

Size,  conductor 
» 

Insulation 

Type 

Sheath 

Armor 

Length,  each  cable 
Number,  cables 
STRUCTURES: 

Wood 

Steel 


138kv 

331,000,0O0KWH/yr 

69MW 

80MVA 

78MVA 

113MVA 

795MCM  ACSR 

i 

14.5  ft 
22  ft 
Per  NESC 

250MCM 

Paper 

Oil-filled 
Lead 
Steel 
14,250  ft 
4 


39.3  miles 

5.3  miles 
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APPENDIX  B - transmission 

SECTION  1 - GENERAL 

I -01  SCOPE: 

In  this  appendix  to  Design  Memorandum  No,  7,  major  features  of  the 
transmission  line  and  terminal  facilities  are  determined.  Design  Memo- 
randum No.  9,  Transmission  Facilities  (Dec  66)  will  include  line  profiles, 
pole  and  tower  selection  and  spotting,  submarine  cable  location  and  ter- 
minal design.  Procedures  will  be  based  upon  selection  of  most  desirable 
design  features  while  clearly  depicting  governing  parameters  to  facilitate 
free  use  of  value  engineering  even  into  construction  stage, 

1-02  BASIC  DATA  AND  CRITERIA: 

a.  EM  1110-2-1801,  Geological  Investigations 
t EM  1110-2-1002,  Maps  and  Drawings 

c.  EM  1110-2-1150,  Definite  Project  Studies 

d,  ER  1110-2-100,  Periodic  Inspection  and  Continuing  Evaluation 
e Bonneville  Power  Administration  Design  Standards 

Basic  data  and  criteria  for  transmission  line  and  substation  was 
received  from  USBR,  Additional  data  on  salt  water  insulator  conteunination 
was  obtained  from  BPA.  Submarine  cable  data  was  obtained  from  Puget  Sound 
Power  and  Light  and  BPA  as  well  as  from  manufacturers, 

1-03  INVESTIGATIONS: 

Field  investigations  leading  to  House  Document  No,  40,  87th  Congress, 
1st  Session,  included  preliminary  surveying  on  transmission  line  route, 

; In  1964  the  area  from  Snettisham  to  Juneau  was  mapped  utilizing  high  level 
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aerial  photography  for  preliminary  route  location.  In  July  1965  the  line 
route  was  located  and  marked  from  Snettisham  to  Thane.  During  summer  of 
1965  loggers  cleared  turn  points  on  transmission  line  route  from  Snettisham 
to  Taku  Inlet.  The  balance  of  the  clearing  and  a profile  survey  along  the 
route  will  be  accomplished  in  1966. 

1-04  LOCAL  COOPERATION  AND  VIEWS; 

The  project  is  not  dependent  upon  contributions  by  local  interests; 
however,  citizens  and  local  groups  are  actively  supporting  accomplishment 
of  project  construction.  The  City  of  Juneau  has  taken  steps  to  make  avail- 
able to  the  Government  the  former  city  garbage  dump  for  Juneau  substation. 
1-05  CLIMATE; 

a.  General  - The  weather  in  the  transmission  line  area  is  primarily 
influenced  by  maritime  conditions  that  prevail  all  along  southeastern 
Alaska.  The  area  is  in  the  path  of  storms  crossing  the  Gulf  of  Alaska. 

The  weather  is  varied  by  mountainous  nature  of  the  terrain  and  different 
conditions  can  exist  within  a few  miles  of  each  other  along  the  transmis- 
sion route. 

b.  Winds  - Wind  along  the  transmission  line  can  vary  considerably 
due  to  the  topographic  features.  The  maximum  recorded  one  minute  velocity 
from  1917  to  1959  in  the  Juneau  area  is  68  miles  per  hour  from  the  north 
and  the  southeast.  Local  residents  have  reported  higher  velocities  during 
Taku  winds;  however,  the  location  of  gaging  stations  is  such  that  there 
has  been  no  recording  of  these  winds.  The  Taku  wind  is  a katabatic  wind 
which  is  caused  by  the  downflow  of  cold,  dense  air  off  of  the  Juneau  ice 
cap.  This  wind  flows  down  various  natural  drainages  such  as  Lynn  Canal 
and  Taku  Inlet  to  the  warmer  lower  pressure  maritime  areas.  There  are  no 


recording  stations  along  Taku  Inlet  Arm  or  Speel  Inlet.  Few  people  have 
experience  in  Speel  Arm  or  Taku  Inlet  during  the  winter  when  these  winds 
blow.  After  extensive  checking,  the  best  source  of  reliable  information 
appeared  to  be  the  Captains  of  the  Alaska  Marine  highway  Ferries  which 
observe  regular  schedules  along  Taku  Inlet  and  Lynn  Canal.  The  Captains 
report  that  when  Taku  winds  blow,  katabatic  winds  also  blow  along  Lynn 
Canal  with  similar  force.  Therefore,  it  is  assumed  that  wind  velocities 
at  Point  Retreat,  a lighthouse  on  the  tip  of  Admiralty  Island,  would  be 
representative.  A fifteen-year  record  of  the  one  minute  winds  was  obtained 
for  this  location  and  a frequency  distribution  curve  was  plotted  as  shown 
in  Figure  1.  The  hundred-year  wind  became  110  mph,  the  1000  year  wind 
became  127  mph  and  the  10,000-year  wind  became  147  mph.  To  check  the  above 
assumptions  the  Alaska  District  expects  to  install  a wind  recording  station 
along  Taku  Inlet  in  the  fall  of  1965.  It  is  expected  that  over  much  of  the 
line,  winds  will  be  considerably  below  the  maximum  velocity  due  to  in- 
creased frictional  resistance  of  the  land  and  surrounding  trees.  In  cer- 
tain areas  fintneling  could  occur  and  winds  could  approach  the  maximum 
velocity  of  147  miles  per  hour.  Reports  have  indicated  that  downslope 
winds  confined  in  narrow  gullies  have  toppled  groups  of  trees  in  their 
path.  This  indicates  the  difficulty  in  predicting  the  occurrence  of  these 
winds.  There  is  topographic  evidence  and  a few  verbal  reports  which  lead 
to  the  assumption  that  these  winds  can  be  expected  along  Speel  River  and 
Speel  Arm.  However,  the  wind  is  not  expected  to  reach  velocities  as  high 
as  those  along  Taku  Arm  where  drainage  is  directly  off  of  glacier  fields. 

c.  Icing  - Icing  is  not  expected  to  be  a problem  along  much  of  the 
line.  Lines  in  the  Juneau  vicinity  have  had  no  reported  failures  due  to 


icing  when  they  are  located  in  the  vicinity  of  tidewater.  The  Alaska-Juneau 
Mining  Company  has  a line  which  passes  over  Annex  Pass  to  their  Annex  Creek 
hydro-plant.  This  line  reaches  a maximum  elevation  of  about  3700  feet. 

The  A-J  Company  has  had  few  icing  problems  below  2000  feet.  Above  this 
elevation  icing  has  been  reported  up  to  barrel  site  (Photos  1-4).  They  have 
gone  to  a 1/2  inch  steel  guy  wire  conductor  and  to  protect  the  conductor  run 
reactive  current  to  keep  losses  up.  Their  reported  loss  on  this  section  is 
about  SOOKW  of  their  3500i(W  load.  National  Electrical  Safety  Code  heavy 
(1/2  inch  ice)  loading  would  be  sufficient  from  Juneau  to  Mallard  Cove. 

From  Mallard  Cove  up  Speel  Arm  to  Snettisham,  the  conditions  and  the  desire 
for  line  reliability  should  call  for  an  increase  in  loading  to  1 inch  of 
radial  ice.  The  following  reasons  are  given  in  support  of  this  view, 

(1)  The  line  rises  to  a higher  elevation  from  Bride  Point  for 
several  miles  in  the  Juneau  direction, 

(2)  Precipitation  is  far  heavier  along  Speel  Arm  than  in  the 
Juneau  area, 

(3)  The  prevailing  winds  are  from  the  Pacific  Ocean,  Because  of 
the  orientation  of  Speel  Arm  and  its  narrowness  these  winds  probably  pass 
over  the  Arm  and  deposit  their  moisture  from  higher  altitudes  in  the  form 

of  snow  and  therefore  do  not  exert  the  warming  influence  that  is  felt  in  the 
Juneau  and  Taku  Arm  areas, 

(4)  Speel  Arm  has  been  reported  to  have  froren  over  to  Mallard 
cove  in  the  past.  Because  of  its  shape „ it  probably  does  not  receive  the 
influx  of  warm  water  which  has  kept  Gastineau  Channel  and  Taku  Inlet  free 
of  ice  and  also  because  cold  fresh  water  from  the  Speel  River  can  stratify 
in  this  area;  therefore,  the  sum  of  these  observations  in'  ates  that  the 


line  from  Mallard  Cove  to  Snettisham  may  be  in  conditions  approximating 
a higher  altitude.  That  is,  higher  precipitation  and  lower  temperatures 
and  should  have  more  allowance  for  ice  load.  It  is  not  expected  that  con- 
ductor heating  will  have  a significant  effect  on  ice  buildup  and  has  been 
ignored  in  this  design.  (Reference  13) 

d.  Coincident  Ice  and  Wind  Loads  - Coincidence  of  maximum  ice  loads 
and  wind  loads  is  not  expected  to  occur.  The  maximum  katabatic  winds  carry 
little  moisture  as  they  come  from  the  cold  glacier  fields.  They  are  warmed 
as  they  pass  into  the  transmission  area.  Therefore,  the  NESC  heavy  loading 
of  1/2  radial  ice  (or  1 inch  radial  ice,  as  outlined  previously)  plus  4 
pound  wind  load  plus  the  Code  constant  at  O^F  will  be  sufficient  for  con- 
ductor sagging. 

e.  Temperatures  - Recorded  air  tenq)eratures  in  the  Juneau  area 
range  from  a low  of  -2l“F  to  a high  of  •♦■89*F  with  an  average  annual  temper- 
ature of  40.3*F.  There  are  no  temperature  records  along  Speel  Arm.  Maxi- 
mum winter  temperatures  will  probably  be  lower  and  it  is  possible  summer 
temperatures  may  be  higher  along  Speel  Arm  because  of  less  moderation  by 
sea  water  in  the  vicinity. 

f.  Sea  Temperatures  - Sea  water  temperatures  at  the  cable  crossing 
were  obtained  from  the  Institute  of  Marine  Science,  Douglas  Marine  Station, 
in  Juneau.  Bottom  temperatures  are  from  37.4®F  to  39.2®F  year  around.  At 
the  surface,  temperatures  have  been  recorded  from  28.4®F  for  a winter  low 
to  a summer  high  of  49.7®F.  These  surface  temperatures  were  obtained  with 
relatively  few  measurements. 

g.  Isokeraunic  Level  - The  isokeraunic  level  in  the  Juneau  area  is 
very  low,  less  than  one  occurrence  per  year.  Thunderstorms  have  only  been 


B-5 


recorded  in  Juneau  in  the  months  of  January p June,  July  and  September. 

From  1949  to  1964  there  were  5 reported  thunderstorms  for  an  isokeraunic 
lcv<.J  of  0.312  per  year.  The  transmission  route  is  located  in  mountainous 
country  through  a great  many  tall  trees.  Therefore,  actual  lightning 
strokes  to  the  line  or  substations  will  be  improbable.  However,  to  assure 
protection  for  major  equipment,  overhead  ground  wires  will  be  extended  1/2 
mile  from  substations  and  cable  terminals. 

1-.06  GEOLOGIC  CONSIDERATIONS 

a.  Overhead  Section  - Inasmuch  as  the  exact  spotting  of  individual 
transmission  towers  has  not  yet  been  accomplished  in  the  field,  it  is  not 
possible  to  completely  evaluate  all  the  wood  and  steel  tower  foundations 
at  this  time.  From  a brief  reconnaissance  of  both  transmission  line  routes 
however,  no  serious  problems  are  anticipated  in  securing  adequate  founda- 
tions for  these  structures.  Wherever  possible,  all  steel  tower  footings 
will  be  placed  on  hard  granitic  bedrock  which  is  known  to  outcrop  at  or 
close  to  the  ground  surface  in  many  areas  traversed  by  the  line.  The  only 
potentially  serious  consideration  to  be  carefully  noted  on  each  bedrock 
tower  footing  will  be  the  possibility  of  slab-off  failures  along  joints  or 
natural  partings  in  the  rock,  particularly  in  exceptionally  steep  and 
mountainous  terrain.  Wherever  steel  tower  footings  are  by  necessity  of 
great  depths  to  bedrock  or  placed  on  overburden  materials,  spread  footings 
will  be  proportioned  in  accordance  with  specific  soil  types  encountered. 

No  special  problems  are  anticipated  with  the  foundations  for  the  wood 
poles  which  will  be  utilized  on  most  of  the  line.  Some  difficulties  may 
be  encountered  however,  where  the  transmission  line  crosses  known  muskeg 
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b.  Submarine  Cable  Section  - Special  investigations  have  been  con- 
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ducted  and  are  continuing  to  be  made  on  the  foundation  conditions  connected 
with  the  submarine  transmission  line  crossings  of  Taku  Inlet  (see  Plate  8) . 
The  U.  S.  Geological  Survey  has  run  fathometer  surveys  across  Taku  Inlet 
along  the  proposed  cable  routes  (see  Plate  11],  and  has  taken  shallow  drive 
samples  of  bottom  sediments  (Exhibit  1).  In  addition  to  this  work  USGS  is 
presently  conducting  a "sparker"  traverse  of  these  same  areas  in  an  effort 
to  differentiate  between  these  bottom  sediments  and  possible  bedrock  out- 
crops. It  can  be  particilarly  unportant  to  determine  the  areas  of  sharp 
transitions  from  sediment  to  bedrock  as  these  zones  could  subject  the  sub- 
marine cable  to  more  concentrated  shearing  forces  due  to  differential  set- 
tlements. 

c.  Juneau  Substation  - The  presently  proposed  location  for  the  main 
receiving  station  at  the  Juneau  end  of  the  transmission  line  is  on  the  city 
dump,  located  on  the  north  side  of  Gastineau  Channel  approximately  2 miles 
from  Juneau.  At  this  time  there  are  some  reservations  about  utilizing  this 
specific  area  as  the  site  for  the  substation.  The  generally  unconsolidated 
nature  of  such  an  artificial  fill  which  has  been  built  out  from  the  water's 
edge  with  a random  assortment  of  uncompacted  materials,  strongly  detracts 
from  its  overall  in-place  stability.  This  could  be  an  important  considera- 
tion in  connection  with  foundation  adequacy  for  the  relatively  heavy  trans- 
formers and  circuit  breakers.  It  can  be  an  ov'-.  mor.'  \erious  problem  from 
the  standpoint  of  a mass  slide-out  type  of  failure  during  a severe  earth- 
quake occurrence.  In  order  to  investigate  these  important  features,  the 
Alaska  District  plans  to  dig  several  backhoe  pits  to  a depth  of  20  feet 
and  drill  two  chum  drill  holes  with  accompanying  drive  samples,  to  a depth 


B-7 


'I 

of  at  least  100  feet.  The  backhoe  explorations  with  appropriate  sampling 
will  provide  required  information  for  the  design  of  a suitable  raft  type 
foundation  pad  of  reinforced  concrete  for  the  heaviest  electrical  equip- 
ment. The  deep  chum  drill  holes  with  drive  samples  will  determine  the 

• i 

depth  of  the  fill  material  and  will  disclose  the  character  of  underlying  | 

natural  materials,  both  of  which  will  help' provide  required  shear  strengths 

and  other  data  for  a slip  circle  or  wedge  stability  analysis  of  the  fill 

area.  The  data  obtained  from  these  explorations  will  also  be  employed  to 

predict  settlement.  | 

d.  Snow  Slide  Area  - The  city  dump  location  is  also  in  the  immediate  1 

proximity  of  a major  snow  slide  area  (see  Plate  10).  This  snow  slide  area  | 

which  borders  the  city  dump  on  the  immediate  north  has  had  a history  of  | 

being  active  and  troublesome  during  the  winter  months.  An  investigation  { 

i 

will,  therefore,  also  be  made  as  to  the  possible  effects  of  this  slide  on  j 

the  proposed  nearby  structures. 

e.  Future  Treatment  - In  this  Design  Memorandum,  the  principal 
treatment  of  all  geological  features  connected  with  the  transmission  line 
facilities  has  been  to  outline  the  basic  problems  involved.  Proposed  solu- 
tions to  these  problems  in  the  form  of  definite  recommendations  will  be 
forthcoming  in  the  specific  Design  Memorandum  for  transmission  facilities. 

I 

i 

1 
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SECTION  2 - RECOMMENDED  PLAN  OF  DEVELOPMENT 


2-01  VOLTAGE: 

a.  The  voltage  recommended  for  the  transmission  line  is  138kv.  An 
economic  analysis  of  all  pertinent  factors  such  as  first  cost  and  losses 
of  the  submarine  cable,  overhead  line  and  the  cost  of  the  substations  indi- 
cates that  the  138kv  voltage  would  have  a present  worth  value  $201,000  less 
than  the  project  document  llSkv  line  and  would  be  $237,000  less  than  a 
161kv  line.  The  primary  reason  for  this  change  is  because  the  value  of 
losses  has  increased  since  the  original  studies  in  1959  by  the  U.  S.  Bureau 
I of  Reclamation.  The  energy  value  has  increased  from  6.1  mills  per  kwh  as 

reported  in  House  Document  No.  40,  to  9 mills.  The  load  factor  has  been 
^ changed  from  72  percent  with  48MW  installed  capacity,  to  a load  factor  of 

I 55  percent  with  60.9MW  installed  capacity.  Also,  with  the  addition  of  a 

dam  and  more  years  of  inflow  record,  studies  show  that  the  energy  output 
will  be  331  million  kilowatts  per  year  instead  of  306  million.  These  fac- 
tors increase  the  annual  cost  of  losses. 

b.  Plate  12  shows  a series  of  curves  which  illustrate  the  changes 
in  cost  of  the  various  features  with  voltage  changes.  Also  plotted  is  a 
curve  of  three  percent  load  growth.  This  indicates  that  if  any  other 
plants,  such  as  Tease  Lake  or  Speel  River  (72MW  and  15MW)  are  tied  to  the 
line,  138kv  will  still  remain  the  most  economical  voltage,  although  161kv 
is  very  little  more  costly, 

2-02  SUBMARINE  CABLE; 

a.  The  following  types  of  cable  were  considered  for  the  crossing: 

(1)  Solid 

(2)  Low  pressure  gas-filled 
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(3)  Low  pressure  oil-filled 

(4)  High  pressure  gas- tilled 

The  Association  of  Edison  Illuminating  Company's  specifications  on  the  first 
two  types  of  cables  do  not  extend  to  the  necessary  voltages.  Although  these 
standards  do  not  cover  submarine  cable,  the  manufacturers  will  be  required 
to  follow  the  applicable  ABIC  specifications.  High  pressure  gas-filled  cable 
is,  to  our  knowledge,  manufactured  by  only  one  British  company  and  therefore, 
was  not  considered  further.  Pipe  type  cables  were  considered  and  cost  fig- 
ures were  compiled.  Pipe  type  cable  could  be  four  single  pipes  and  conduc- 
tors or  two  pipes  with  three  cables  per  pipe.  The  result  of  the  first  alter- 
native is  high  losses  and  the  second,  the  purchase  of  two  extra  cables  and 
an  additional  pipe  for  reliability.  For  pipe  type  cables.  ACSR  would  be 
required  to  achieve  enough  strength  to  pull  in  the  conductor.  Material  costs 
for  pipe  and  conductor  alone  exceeded  the  cost  for  the  oil-filled  cable. 

When  labor  costs  of  laying  are  also  added  to  material  costs,  the  price  became  j 

v; 

very  much  higher.  Therefore,  pipe  type  cables  were  no  longer  considered.  j 

! 

b.  Low  pressure  oil-filled  cable  has  had  a long  record  of  successful 

i 

submarine  use  and  has  the  advantage  of  ease  of  laying  and  recovery,  low  cost 
and  the  greater  number  of  mai'.ufacturers  producing  it.  Problems  involved  in 
splicing,  internal  and  external  pressure  differentials,  and  laying  have  all 
been  successfully  solved  by  other  power  organizations. 

( 

c.  Steel  and  aluminum  armored  oil-filled  cables  were  investigated  and  I 

steel  armor  had  the  lowest  overall  cost  when  the  sum  of  the  losses  and  first  ! 

I 

cost  were  considered.  The  250MCM  conductor  is  the  minimum  size  recommended  1 

by  the  AEIC  at  138kv  and  has  a capacity  of  113MVA  which  is  36MVA  above  the  j 

! 

output  of  Long  Lake  and  Crater  Lake  combined.  Thus,  future  additions  are  \ 
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possible  with  this  cable.  These  could  include  Dorothy  Lake  and  Tease  Lake. 
Therefore,  the  reconmended  submarine  cable  is  a 2S0MCM  lead  sheathed,  paper- 
insulated,  steel  armored,  oil-filled  cable. 

2-03  CONSTRUCTION: 

WQOd  pole  construction  is  recommended  for  the  majority  of  the  line.  It 
has  the  advantage  of  low  cost,  ease  of  maintenance,  construction  familiarity, 
and  is  relatively  unobtrusive.  In  the  steep  area  near  the  power  plant,  steel 
towers  are  recommended  for  their  adaptability  to  steep  slopes,  absence  of  guys 
and  ability  to  be  airlifted  in  small  sections. 

2-04  SUBSTATION  AND  SWITCHYARD; 

a.  A switching  diagram  for  Juneau  Substation  is  shown  on  Figure  2 and 
its  location  is  shown  on  Plates  1 and  10  and  is  essentially  as  recommended  by 
the  Bureau  of  Reclamation.  Triple  rated  autotransformers  with  a maximum 
capacity  of  40  MVA  are  shown.  This  capacity  for  each  of  the  two  transformers 
closely  matches  the  capacity  of  the  three  26  MVA  transformers  at  the  power- 
plant.  In  order  to  keep  costs  to  a minimum,  the  second  Juneau  transformer 
is  shown  paralleled  with  the  first  with  only  isolating  disconnect  switches 
provided  to  allow  maintenance.  This  decision  is  based  on  the  very  low  pro- 
bability of  transformer  failure.  The  autotransformers  supply  USBR  standard 
steel  construction  69kv  and  23kv  bays,  into  which  the  customer's  distribution 
lines  are  brought.  Space  will  be  provided  within  the  substation  fence  for 
one  large  building  for  control  room,  office,  warehouse  and  garage  space. 

Space  will  also  be  provided  for  outdoor  storage  for  such  items  as  spare  poles, 
crossarms,  large  equipment  and  other  miscellaneous  items  which  are  compatible 
with  outside  storage. 


1 


I 


i 


i 
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b.  The  switchyard  at  the  pwerplant  will  be  located,  as  shown  on 
Plate  31  in  the  main  report,  "Powerhouse  Site  Plan."  Initially,  the  switch- 
yard will  consist  of  two  transformer  bays  and  one  line  bay.  To  reduce 
costs,  only  disconnect  switches  are  shown  for  the  transformer  connections 
to  the  high  voltage  strain  bus.  The  switchyard  will  follow  USER  standard 
steel  construction. 
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SECTION  3 
DEPARTURES 
FROM 

PROJECT  DOCUMENT  PLAN 
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si.crid';  ;i  - ni.i'AUTUR’s  (■noit  h'K-.u-k  ;:i 

3-01  DEPARTURES  FROM  PROJECT  DOCUMENT  PLAN; 

Certain  changes  from  Project  Document  Plan,  as  modified  by  USBR  reap- 
praisal were  found  desirable,  as  follows: 

! a.  Voltage  from  llSkv  to  138kv  to  reflect  increased  value  of  energy 

I and  additional  generating  capability. 

b.  Snettisham  switchyard  capacity  from  72  MVA  to  78  MVA  to  match 

i 

generating  capability. 

r 

: c.  Overhead  line  was  rerouted  to  avoid  higher  elevations  (special 

I problem  areas)  with  mileage  changes  as  follows: 

(1)  Steel  towers  from  10.4  to  5.3  miles. 

(2)  Wood  H-frame  from  25.6  to  39.3  miles. 

d.  Juneau  substation  from  66  MVA  to  80  MVA  to  match  generating  capa- 

! 

I bility. 


« 

B-13 


J 


SECTION  4 - ROUTES 


4-01  BASIC  ROUTE  AND  ALTERNATE: 

a.  The  transmission  route,  as  outlined  in  House  Document  No.  40, 

87th  Congress,  1st  Session,  was  generally  followed  with  the  exception  of 
the  route  from  Prospect  Point,  near  Mallard  Cove  to  Circle  Point,  near 
Slocum  Inlet  (Plates  3, 4, 5, 65  7)  and  Cherokee  Flats,  near  Grindstone 
Creek  to  Thane,  about  4.5  miles  southeast  of  Juneau  (Plates  859). 

b.  The  recommended  route  in  these  areas  ioilou;  the  shoreline.  The 
project  document  route  was  extensively  investigated.  A comparative  cost 
analysis.  Exhibit  2,  Selected  Computations,  indicated  that  the  sea  level 
route  from  Prospect  Point  to  Circle  Point  portion  of  the  line  was  cheaper 
by  $355, OOC  PW  value  than  the  high  route  even  though  the  sea  level  route 
is  19.6  miles  in  length  compared  to  11.1  miles  for  the  high  route.  This 
was  caused  by  the  following  factors; 

(1)  The  high  line  was  assumed  to  have  5.5  miles  of  steel  struc- 
tures which  were  designed  for  heavy  ice  and  wind  loadings.  This  5.5  miles 
was  mostly  that  portion  of  the  line  above  2000  feet  in  elevation.  The  low 
line  was  all  of  the  wood  pole  type  construction. 

(2)  The  loss  of  power  revenues  is  from  an  estimated  four  outage 
days  per  year  on  the  high  line  and  one  outage  <]av  per  year  on  the  low  line 
(Exhibit  3)  USBR  letter,  dated  6 Nov  64,  This  outage  figure  is  most  likely 
quite  conservative,  A single  high  line  outage  during  the  winter  when  ad- 
verse weather  conditions  occur  could  cause  a power  outage  for  weeks.  The 
Alaska* Juneau  Mining  Company  with  extensive  experience  with  a high  level 
line  has  unqualifiedly  recommended  against  a high  route  and  has  results  of 
an  engineering  study  which  indicates  that  an  underground  cable  on  the  high 


pass  of  their  line  would  pay  for  itself  in  approximately  two  years  of  op«.  j 
at  ion.  Photographs  1 through  4 show  some  of  the  snow  conditions  at  Annex 
Pass  and  the  type  of  construction  which  has  failed  to  withstand  the  snow 
creep  and  ice  loadings  in  this  area.  This  type  of  construction  in  wood 
poles  is  similar  to  that  used  by  ALCAN  (Reference  12)  with  tubular  aluminum 
structures  in  their  Kitiraat  to  Kemano  transmission  line  over  high  passes 
though  It  predates  ALCAN's  construction  by  many  years.  Aerial  reconnais- 
sance during  the  spring  indicated  that  deep  snow  forms  on  the  route  above 
the  two  thousand  foot  elevation,  large  wind  cornices  have  been  found  on  the 
northeast  sides  of  the  ridges,  indicating  extensive  drifting  snow  and  winds. 
The  overall  terrain  indicates  strong  possibility  of  extensive  conductor 
icing  and  snow  creep  conditions.  Maintenance  in  this  area  would  be  imprac- 
tical during  much  of  the  winter  since  it  could  only  be  accomplished  by  heli- 
copter. Prevailing  low  clouds,  high  winds  and  icing  could  make  access 
impossible  for  weeks  at  a time.  A-J  Industries  has  experienced  periods 
when  it  has  been  weeks  that  they  could  not  maintain  their  line.  The  section 
of  the  high  line  from  Cherokee  Flats  to  Thane  also  has  similar  arguments 
against  it.  Although  not  as  high  as  the  route  from  Prospect  Point  to  Circle 
Point,  it  still  reaches  an  elevation  of  close  to  1900  feet  above  sea  level. 
It  also  would  be  exposed  to  the  Taku  winds  from  the  north.  The  only  argu- 
ments for  this  routing  is  that  it  is  about  2200  feet  shorter,  requires  no 
clearing  and  is  invisible  from  Gastineau  Channel  steamer  traffic;  however, 
since  the  low  line  is  set  well  back  from  the  beach  and  the  pole  heights  are 
generally  lower  than  the  surrounding  timber,  it  will  be  quite  unobtrusive. 

A cost  comparison  indicates  that  if  there  were  one  outage  day  per  year 
additional  on  this  section  of  the  high  line,  the  cost  would  outweigh  the 


low  line  cost.  Even  without  the  additional  outage  figure,  the  costs  of  the 
lines  are  very  close.  Therefore,  from  a reliability  standpoint  the  low 
route  is  considered  to  be  the  best  alternative. 

4-02  SUBMARINE  CABLE : 

The  tentative  submarine  cable  route  runs  from  a point  seven  hundred 
feet  south  of  the  outlet  of  Falls  Creek  on  the  east  side  of  the  entrance  to 
Taku  Inlet  to  a cove  about  one  thousand  feet  north  of  Bishop  Point  on  the 
west  side  ot  the  entrance  to  Taku  Inlet.  The  cable  will  be  approximately 
14,250  feet  in  length  exclusive  of  the  shore  ends.  The  maximum  water  depth 
is  approximately  680  feet  below  high  water  (Plate  11).  The  major  problem 
in  route  location  on  the  cable  is  to  avoid  areas  where  rocks  are  exposed 
and  bridging  from  rock  to  rock  could  take  place.  Tidal  currents  could  then 
cause  the  cable  to  sway,  abrading  the  armor  and  the  cable,  resulting  in  a 
fault.  Various  methods  of  exploring  the  bottom  of  Taku'  Inlet  to  determine 
optimum  cable  routing  have  been  considered.  To  avoid  bridging  and  other 
deleterious  conditions,  television  cameras,  probes,  divers  and  advanced 
tight  beam  sonar  have  been  investigated.  The  depth  of  much  of  the  route 
makes  all  of  these  methods  difficult.  Diving  can  only  be  used  at  relatively 
shallow  depths  because  of  impaired  visibility  and  lack  of  mobility.  Probing 
is  expensive  and  can  not  delineate  an  overall  area  accurately  without  exces- 
sive measurements.  Television  also  is  limited  by  visibility  problems,  since 
there  is  some  glacial  silt  in  the  water.  Tight  beam  sonar  appears  to  offer 
greatest  promise  of  success.  Even  if  other  methods  are  employed,  informa- 
tion obtained  by  sonar  should  be  invaluable.  A sweep  type  sonar  which  is 
capable  of  automatically  plotting  a continuous  cross  section  has  been  in- 
vestigated. It  has  a beam  width  of  two  degrees  and  is  jible  to  discriminate 
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to  six  inches  in  range.  However;  since  it  has  a maximum  depth  capability 
of  only  480  feet,  the  separate  transducer  unit  would  have  to  be  towed  astern 
at  a suitable  depth  to  give  the  coverage  required.  Highly  reflective  tar- 
gets, such  as  air  filled  vessels,  would  be  used  to  achieve  an  accurate 
position  control.  Results  of  presently  scheduled  sparker  survey  by  USC'" 
will  probably  indicate  that  broken  or  exposed  rock  may  only  be  a problem  on 
the  steeper  slopes  near  the  shores  which  areas  could  lie  at  considerable 
depth.  Treatment  of  the  shore  ends  must  protect  the  cable  from  floating 
ice,  logs,  waves,  boats,  and  vandalism.  Shore  ends  must  also  be  designed 
for  maximum  heat  dissipation  to  allow  the  fullest  capacity  of  the  cable  to 
be  used.  The  cable  terminal  facilities  need  only  be  situated  above  high 
water,  and  will  be  designed  to  reduce  salt  spray  problems  on  the  potheads. 
Oil  pressurization  equipment  will  be  required  on  each  end.  The  most  reli- 
able pressurization  is  by  gravity  head.  Route  selected  will  have  a steep 
rise  on  the  Snettisham  side  of  Taku  Inlet  and  allow  fairly  close  location 
of  the  oil  reservoirs.  On  the  Juneau  side  the  banks  do  not  rise  as  steeply 
and  the  oil  reservoirs  must  be  located  at  a greater  distance  from  the  ter- 
minal. An  overhead  crossing  was  considered  for  Taku  Inlet  but  a number  of 
factors  mitigated  against  it,  although  the  12,000-foot  span  length  is  well 
within  technical  feasibility  limits.  The  aerial  span  would  require  about 
10  miles  additional  transmission  line  as  it  would  be  located  up  Taku  Inlet 
at  the  narrowest  point.  This  would  cost  about  $450,000  additional.  The 
overhead  span  would  be  exposed  to  the  full  force  of  Taku  winds  channeled 
through  the  narrow  opening  and  it  would  be  a hazard  to  extensive  light 
aircraft  travel  up  and  down  the  Inlet  and  they,  in  turn,  would  be  a hazard 
to  the  line.  Its  most  probable  outage  period  would  be  during  times  of 
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■ost  inclenent  weather  and  replacing  it  might  prove  infeasible  for  weeks. 
Its  overall  cost  would  be  higher  even  though  short  towers  would  suffice 
because  of  steep  bank  slopes.  Furthermore,  the  steep  mountain  sides  lead- 
ing to  the  terminals  would  expose  the  connecting  line  to  slide  hazards. 
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SECTION  5 - ECONOMIC  ANALYSES 


S-01  ASSUMPTIONS; 

Future  Developments; 

a.  The  load  and  losses  on  the  transmission  line  remain  constant  at 
plant  capacity  of  69MW  from  14th  year  to  SOth  year.  This  is  the  assumption 
currently  favored  by  the  U.  S.  Bureau  of  Reclamation. 

b.  The  load  grows  on  the  transmission  line  at  3 percent  per  year 
from  14th  to  SOth  year. 

c.  The  load  grows  at  6 percent  per  year  from  14th  to  SOth  year.  A 
second  line  is  built  in  the  34th  year  with  the  Juneau  load  equally  divided 
between  the  two  lines. 

d.  The  load  grows  at  6 percent  per  year  from  14th  to  SOth  year,  A 
second  line  is  built  in  14th  year  with  the  Juneau  load  equally  divided 
between  the  two  lines. 

e.  Water  will  be  spilled  for  first  13  years  so  losses  have  no  value 
during  this  time. 

S-02  OVERHEAD  LINE  SECTION; 

All  cost  comparison  studies  were  based  upon  constructing  S,3  miles 
of  steel  tower  line  and  39.3  miles  of  wood  pole  H-frame  line.  Voltages 
from  69kv  through  230kv  were  studied  to  cover  all  possible  feasible  volt- 
ages. Costs  for  construction  were  obtained  from  Chugach  Electric  Associ- 
ation, Anchorage,  Alaska,  on  their  llSkv  line  job  completed  in  1962  and 
from  the  Bonneville  Power  Administration  for  steel  tower  lines.  For 
purposes  of  estimating,  a profile  was  made  from  the  aerial  survey  contour 
maps,  Plate  for  ten  miles  of  the  line.  Structures  were  then  spotted 
and  795MCM  conductor  sagged  in  with  a USBR  template  for  standard  llSkv 
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const niction.  A takeoff  was  made  to  detehnine  the  number  of  each  s'.e  and 
t)p<;  jt  structure  required.  These  figures  were  then  used  as  ^ basis  for  me 
entire  wood  pole  section  estimate.  Fog  type  insulators  we-'e  estimated 
throughout.  Comparison  costs  are  tabulated  and  explained  in -Table  1 
5-03  SUBMARINE  CABLES 

a.  Cable  - All  cost  comparisons  were  made  on  copper  conductor, 
papei -insulated,  oil-filled,  lead-sheathed  wire  armored  cable,  as  shown  in 
Table  6.  Prices  were  obtained  from  Phelps-Dodge  Copper  Products  Company, 
Bonneville  Power  Administration,  Puget  Sound  Power  and  Light  Company  and 
Alaska  Tug  and  Barge  Company,  Prices  for  cables  with  a minimum  capacity  of 
77  MVA  were  obtained,  both  with  aluminum  wire  armor  and  steel  wire  armor. 
Since  ionization  in  the  insulation  limits  the  minimum  conductor  diameter 
at  the  higher  voltages,  the  higher  voltage  cables  have  a capacity  much  in 
excess  of  77  MVA  as  shown  in  the  following  tabulation.  The  MVA  capacity 
of  the  land  portion  of  the  cables  as  submitted  by  Phelps-Dodge  Copper 
Products  Corporation  is  as  follows; 


— 

— 

- - 



115kv 

138kv 

161kv 

Conductor 

Steel 

Alumin 

Steel 

Alumin 

Steel  Alumin 

Size 

Armor 

Armor 

Armor 

Armor 

Armor  Armor 

4/0  AWG 

81 

91 

1 

250  MCM 

98 

115 

127t  150i 

350  MCM 

132 

j 

450  MCM 

131 

j 

550  MCM 

128 

i 

1000  MCM 

134 

! 

b.  Terminals 

* Terminal 

equipment 

costs 

were  obtained'  from  Phelps- 

Dodge  Copper  Products  Corporation.  These  were  potheads,  oil  reservoirs, 
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valve  panels  and  miscellaneous  oil  treating  and  installation  equipment.  In 
order  to  increase  the  shore  end  capacity  of  the  cables,  it  is  planned  to 
operate  the  sheath  and  armor  insulated  from  the  water  line  to  the  potheads. 
The  sheath  and  armor  of  each  cable  will  be  bonded  to  the  other  cables  at 
the  water  line  and  the  potheads  insulated  from  ground.  The  length  of  cable 
from  the  water  line  to  the  pothead  will  be  kept  short  to  limit  the  voltage 
developed  in  the  insulated  section  of  sheath  and  armor.  A simple  shelter 
will  be  built  around  the  potheads  and  takeoff  structure  to  shelter  the  in- 
sulators, lightning  arresters  and  bushings  against  salt  spray  and  vandalism. 
The  potheads  would  be  connected  to  the  elevated  oil  reservoirs  by  suitable 
piping  to  provide  gravity  pressurization  of  the  cables. 

c.  Cable  Laying  - The  cable  laying  cost  estimates  are  based  on  uti- 
lizing one  large  barge,  one  large  tug  and  four  smaller  tugs  to  keep  very 
close  position  control.  Transit  men  and  radios  would  be  utilized  on  each 
shore.  The  cables  would  be  laid  one  at  a time  utilizing  a dynamometer  to 
keep  accurate  tension  control,  with  laying  speed  not  over  1 to  2 miles  per 
hour.  Dolphins  or  other  suitable  anchoring  is  contemplated  to  hold  the 
barge  stationary  while  the  cable  ends  are  taken  ashore. 

d.  Splicing  - A considerable  sum  was  allowed  in  the  estimate  to  per- 
mit splicing  of  cable  in  Seattle,  probably  on  the  barge,  since  the  domestic 
manufacturers  may  not  be  able  to  supply  the  required  lengths  in  one  piece. 
This  sum  should  cover  the  rental  or  fabrication  of  four  large  reels  and  the 
rereeling  of  the  spliced  cable  on  the  drum.  If  the  splices  cannot  be 
placed  on  a reel,  the  cable  may  be  coiled  in  the  barge  compartments  for 
shipment  to  Juneau  and  subsequent  laying. 
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5-04  SUBSTATION  AND  SWITCHYARD: 


Comparisons  were  made  at  voltages  of  69  through  230ki>.  A one- line 
switching  diagram  for  line  voltages  from  115  through  230kv  is  shown  in 
Figure  2,  except  that  a three-winding  transformer  would  have  to  be  used 
for  161  and  230kv.  Substation  costs  were  obtained  for  USBR  Anchorage 
Substation,  from  estimating  section  of  Chief  Engineer's  office  of  the 
Bureau  in  Denver  and  from  current  manufacturer's  catalogs.  Comparative 
costs  are  tabulated  and  explained  in  Table  2, 

5-05  SUMMARY  OF  ANALYSES: 

The  cheapest  overall  combination  of  overhead  line,  submarine  cable, 
Juneau  Substation  and  Snettisham  switchyard,  including  the  future  addi- 
tions to  the  substation  and  switchyard  for  each  voltage  is  as  follows. 
These  figures  are  not  constructior  costs  but  include  items  such  as  losses, 
0 6 M expenses,  interim  replacements,  etc.  Line  losses  are  based  on 


Assumption  A:  (4-01) 

1 15kv 

Overhead  conductor,  954  MCM $3,585,000 

Submarine  cable,  4/0  AWG,  steel  armor  1,094,000 

Terminals  1,315,000 

TOTAL $5,994,000 

Annual  Cost  238,500 

138kv 

Overhead  conductor,  795  MCM  $3,447,000 

Submarine  cable,  250  MCM,  steel  armor  1,012,000 

Terminals  — • 1 ,334,000 

TOTAL $5,793,000 

Annual  Cost  230,500 
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161kv 


Overhead  conductor,  556.5  MCM  $3,500,000 

Submarine  cable,  250  MCM,  steel  armor  1,050,000 

Terminals  1,480,000 

TOTAL $6,030,000 

Annual  Cost  240,000 


These  figures  show  138kv  to  be  cheapest  with  115kv  costing  $201,000  more  j 

and  161kv  $237,000  more  on  a present  worth  basis.  The  annual  costs  come 
out  $8,000  and  $9,500  more  per  year,  respectively. 
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SECTION  6 
LINE  PERFORMANCE 
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SECTION  6 - LINE  PERFORMANCE 

6-01  REGULATIONS 

Calculations  indicate  that  the  voltage  rise  from  Snettishara  to  Juneau 
with  one  Snettisham  transformer  operating  will  be  about  8 percent.  This 
assumed  1 percent  resistance  and  10  percent  reactance  in  the  transformer. 

This  is  an  unlikely  condition  and  should  cause  no  trouble  if  it  should  occur. 
Assuming  a maximum  load  of  77  MVA  at  0.9  PF,  the  voltage  drop  in  Juneau  due 
to  transmission  line  regulation  is  approximately  6 percent.  Including  the 
three  transformers  at  Snettisham^  this  total  voltage  drop  becomes  11.6  per- 
cent. This  is  well  within  the  range  of  transformer  tap  adjustments  at 
Juneau  and  Snettisham  and  normal  range  of  voltage  adjustment  on  the  gener- 
ating units.  After  full  load  conditions  are  reached,  normal  load  variations 
are  only  from  half  load  at  night  to  full  load  in  the  daytime.  Under  this 
condition,  the  voltage  variation  in  Juneau  would  be  about  7 to  8 percent. 

This  variation  could  be  handled  by  adiusting  generator  voltage  on  a schedule, 
similar  to  the  operation  at  Eklutna  Power  Plant,-  near  Anchorage, 

6-02  STABILITY 

Stability  of  the  system  is  not  a factor  at  this  time,  since  there  are 
no  other  comparable  powerplants  on  the  system. 

6-03  CORONA; 

Corona  loss  on  a 795  MCM  ACSR  conductor  at  138kv  is  no  problem,  being 
under  0.1  KW  per  three  phase  mile  of  line. 

6-04  CAPACITY 

Due  to  the  high  value  of  energy ^ the  most  economical  conductor  also 
has  a large  excess  capacity.  At  the  113  MVA  cable  capacity,  the  transmis- 
sion line  losses  would  be  4.2  percent. 
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6-05  INSULATION  COORDINATION 

a.  The  protection  afforded  to  equipment  windings  by  120kv  station 
[ type  lightning  arresters  is  as  followSo 

Maximum  60  cycle  sparkover  220kv 

Maximum  impulse  sparkover  390kv 

Maximum  volts  with  10,000  A discharge  ---  350kv 

b:  The  138kv  windings  on  the  transformers  will  be  purchased  with  a 
450Kv  basic  insulation  level  (BIL)  and  the  submarine  cable  BIL  will  be 
655kV(  based  on  an  impulse  strength  of  1300  volts  per  mil  for  paper  insul- 
ation, (Reference  3) 

c.  The  flashover  voltage  levels  of  the  line  insulators,  line  clear- 
ances, equipment  bushings  etc  will  be  as  follows,  (Reference  1) 


60-Cycle 

Dry 

KV 

Flashover 

Wet 

Impulse 

Line  insulators  6-1/2  x 10"  fog  type* 

Suspension  string  of  8 

540 

360  1 

865 

Tension  string  of  10  i 

650 

1 440 

1070 

Clearance  of  42"  to  poles  at  maximum 
swing  angle 

• 

650 

Equipment  bushings 

- 

- 

650 

Equipment  insulators 

- 

- 

650 

• Data  from  Locke  Insulator  Com-)any  catalog  i 

d.  With  an  isokeraunic  level  of  approximately  0.33  in  the  Juneau  area, 
the  number  of  lightning  outages  per  hundred  miles  of  line  per  year  will  be 
very  small.  The  high  values  of  60  cycle  flashover  on  the  line  insulators  is 
considered  necessary  because  of  the  salt  spray  contamination  problem  along 


I 


the  coast.  Additional  insulators  will  be  used  where  contamination  is  con- 
sidered to  be  more  severe.  Voltage  swings  under  fau’*  conditions  will  be 
low  with  the  very  low  resistance  grounds  easily  obtainable  at  both  Snet- 
tisham  and  Juneau  because  of  the  proximity  of  salt  water. 

e.  Switching  surges  will  be  no  problem  until  high  voltage  breakers 
are  purchased  for  both  ends  on  the  line.  Restrike  free  breakers  should  be 
specified  at  that  time  as  recommended  by  the  Bureau  of  Reclamation. 
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7-Oi  CONDUCTOR  SAG  AND  STRESS  REQUIREMENTS, 

a.  Conductor  sag  will  be  based  on  National  Electrical  Safety  Code 
Heavy  Loading  for  the  section  of  the  line  from  Juneau  to  Mallard  Cove. 

This  will  be  1/2-inch  of  radial  ice,  4 pounds  per  square  foot  of  wind  and 
the  NESC  constant  at  0®F,  The  section  of  line  from  Mallard  Cove  to  the 
powerplant  will  be  designed  for  1-inch  of  radial  ice^  4 pounds  per  square 
foot  of  wind  ana  the  NESC  constant  at  0®F.  The  maximum  conductor  tempera- 
ture for  sagging  purposes  will  be  the  usually  used  120  degrees  even  though 
the  ambient  temperature  does  not  exceed  84“F  since  the  line  may  at  some 
time  carry  additional  load.  Maximum  conductor  temperatures  were  calculated 
with  sun  on  the  line  and  an  emissivity  of  the  conductor  of  0.5  (Reference  6). 
The  following  results  were  obtained  for  a 26/7  795MCM  conductor; 


TABLE  OF 

CONDUCTOR 

HEATING 

(1) 

(2) 

(3) 

Peak  Load 
MVA 

Amps 

Temp, 

Rise 

“F 

Temp. 

Max, 

“F 

Sum 

1^2 

®F 

Temp. 

Max.  Usual 

»p 

Sum 

153 

*F 

77 

320 

9 

89 

98 

84 

93 

144 

640 

34 

89 

123 

84 

118 

b.  Wind  loading  on  conductors  and  insulators  was  calculated  by  the 
equation  P = 0,0025v2^  where  P is  pounds  per  square  foot  and  V is  wind 
velocity  in  miles  per  hour.  Although  a lOgOOO-year  wind  velocity  of  147 
miles  per  hour  is  indicated  by  Figure  i,  "Wind  Velocity  Frequency/'  tests 
conducted  in  Europe  show  that  the  maximum  wind  pressure  does  not  exceed 
10  pounds  per  square  foot  on  the  conductor  (Reference  11),  Because  the 
area  is  rough  and  covered  with  timber,  it  is  expected  that  wind  effective- 
ness will  actually  be  below  10  pounds  per  square  foot 
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c.  Reference  11  also  states  that  short  term  gusts  have  no  apparent 
effect  on  conductor  swing  angles.  Reference  8 states  that  maximum  veloci- 
ties should  be  used  for  the  structures  as  short  term  gusts  are  capable  of 
enveloping  the  entire  structure.  Therefore,  the  structures  will  be  de- 
signed for  a 147  mph  wind.  The  safety  factor  will  be  reduced  because  of 
the  very  low  probability  of  this  10,000  year  wind.  Wood  pole  structure 
design  is  based  on  standard  strengths  in  each  class  of  pole.  Since  these 
are  minimum  pole  strengths,  variations  in  strength  above  this  minimum  result 
in  a statistically  stronger  line.  By  selection  of  the  larger  poles  for 
those  structures  which  are  apt  to  be  exposed  to  greater  stresses,  the  pro- 
babilities of  failure  are  greatly  reduced. 

d.  The  maximum  working  tension  of  the  conductor  will  be  about  25  per- 
cent of  ultimate  or  around  7,800  pounds.  This  allows  low  everyday  stress 
and  decreases  the  probability  of  failure  due  to  aeolian  vibration.  Gener- 
ally, vibration  is  not  expected  to  be  a hazard  along  the  line  because  the 
topographic  conditions  required  for  a steady  wind  are  not  available.  How- 
ever, because  of  the  low  cost  of  damping  devices,  they  will  be  used  on  the 
line.  Long  spans  such  as  those  near  Snettisham,  Mallard  Cove  and  Limestone 
Inlet  will  receive  special  attention  in  this  respect.  An  added  advantage 

of  lower  conductor  tensions  is  that  the  conductor  sag  will  more  generally 
conform  to  the  steep  slopes,  reducing  the  requirements  for  hold-down 
weights  and  tension  structures.  Longer  spans,  such  as  Limestone  Inlet, 
(1,800*  approximately)  may  be  strung  at  higher  "mx-;  r.ur  worklur,  te;isior.s, 
if  required.  However,  the  slopes  are  generally  steep  enough  at  the  cros- 
sings to  allow  stringing  with  standard  tension, 

7-02  CONDUCTOR  CONSTRUCTION: 

The  conductor  will  be  795  MCM,  comprised  of  26  strands  of  aluminqm 
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7-01  CONDUCTOR  SAG  AND  STRESS  REQUIREMENTS? 

a.  Conductor  sag  will  be  based  on  National  Electrical  Safety  Code 
Heavy  Loading  for  the  section  of  the  line  from  Juneau  to  Mallard  Cove. 

This  will  be  1/2-inch  of  radial  ice^  4 pounds  per  square  foot  of  wind  and 
the  NESC  constant  at  0*F.  The  section  of  line  from  Mallard  Cove  to  the 
powerplant  will  be  designed  for  1-inch  of  radial  ice,  4 pounds  per  square 
foot  of  wind  and  the  NESC  constant  at  O^F.  The  maximum  conductor  tempera- 
ture for  sagging  purposes  will  be  the  usually  used  120  degrees  even  though 
the  ambient  temperature  does  not  exceed  84‘’F  since  the  line  may  at  some 
time  carry  additional  load.  Maximum  conductor  temperatures  were  calculated 
with  sun  on  the  line  and  an  eraissivity  of  the  conductor  of  0.5  (Reference  6), 
The  following  results  were  obtained  for  a 26/7  795MCM  conductor? 

TABLE  OF  CONDUCTOR  HEATING 


(1) 

(2) 

(3) 

Peak  Load 
MVA 

Amps 

Temp, 

Rise 

“F 

Temp, 

Max, 

“F 

Sum 

182 

“F 

Temp. 

Max.  Usual 
“F 

Sum 

183 

*F 

77 

320 

9 

89 

98 

84 

93 

144 

640 

34 

89 

123 

84 

118 

b.  Wind  loading  on  conductors  and  insulators  was  calculated  by  the 
equation  P * 0.0025V^j  where  P is  pounds  per  square  foot  and  V is  wind 
velocity  in  miles  per  hour.  Although  a 10,000-year  wind  velocity  of  147 
miles  per  hour  is  indicated  by  Figure  1,  "Wind  Velocity  Frequency,"  tests 
conducted  in  Europe  show  that  the  maximum  wind  pressure  does  not  exceed 
10  pounds  per  square  foot  on  the  conductor  (Reference  11).  Because  the 
area  is  rough  and  covered  with  timber,  it  is  expected  that  wind  effective- 
ness will-  actually  be  below  10  pounds  per  square  foot 
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c.  Reference  11  also  states  that  short  term  gusts  have  no  apparent 
effect  on  conductor  swing  angles.  Reference  8 states  that  maximum  veloci- 
ties should  be  used  for  the  structures  as  short  term  gusts  are  capable  of 


enveloping  the  entire  structure.  Therefore,  the  structures  will  be  de- 
signed for  a 147  mph  wind.  The  safety  factor  will  be  reduced  because  of 
the  very  low  probability  of  this  10,000  year  wind.  Wood  pole  structure 
design  is  based  on  standard  strengths  in  each  class  of  pole.  Since  these 
are  minimum  pole  strengths,  variations  in  strength  above  this  minimum  result 
in  a statistically  stronger  line.  By  selection  of  the  larger  poles  for 

) 

those  structures  which  are  apt  to  be  exposed  to  greater  stresses,  the  pro-  ^ 

babilities  of  failure  are  greatly  reduced. 

d.  The  maximum  working  tension  of  the  conductor  will  be  about  25  per- 
cent of  ultimate  or  around  7,800  pounds.  This  allows  low  everyday  stress  j 

I 

and  decreases  the  probability  of  failure  due  to  aeolian  vibration.  Gener-  | 

ally,  vibration  is  not  expected  to  be  a hazard  along  the  line  because  the 

i 

l 

topographic  conditions  required  for  a steady  wind  are  not  available.  How-  j 

ever,  because  of  the  low  cost  of  damping  devices,  they  will  be  used  on  the 

line.  Long  spans  such  as  those  near  Snettisham,  Mallard  Cove  and  Limestone 

Inlet  will  receive  special  attention  in  this  respect.  An  added  advantage 

of  lower  conductor  tensions  is  that  the  conductor  sag  will  more  generally 

conform  to  the  steep  slopes,  reducing  the  requirements  for  hold-down  j 

weights  and  tension  structures.  Longer  spans,  such  as  Limestone  Inlet,  | 

1 

(1,800'  approximately)  may  be  strung  at  higher  nvi  .-.n.-  wnrkl  ir.  tt/.sions,  | 

if  required.  However,  the  slopes  are  generally  steep  enough  at  the  cros-  j 

sings  to  allow  stringing  with  standard  tension.  | 


7-02  CONDUCTOR  CONSTRUCTION: 

The  conductor  will  be  795  MCM,  comprised  of  26  strands  of  aluminqm 
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and  7 strands  of  steel.  It  will  be  1.108  inches  in  diameter  and  have  an 


ultimate  strength  of  31,200  pounds.  The  resistivity  at  60  cycles  will  be 
approximately  0.117  ohms  per  mile.  All  of  the  transmission  line  can  be 
considered  within  the  area  where  salt  spray  in  some  quantity  is  possible. 

For  this  reason  the  steel  core  strands  will  be  aluminum  clad  to  reduce 
corrosion. 

7-03  CONDUCTOR  SPACING; 

Conductor  spacing  will  be  a basic  14.5  feet  for  the  wood  pole  and  < 

I 

approximately  22  feet  in  the  steel  section  of  the  line  except  for  long  * 

spans.  At  these  points  additional  separation  to  allow  for  one  or  two  node 
conductor  galloping  will  be  used  (Reference  14). 

7-04  INSULATORS; 

The  line  is  all  within  the  area  where  some  salt  spray  contamination 
is  possible.  Bonneville  Power  Administration  states  that  their  lines  along 
the  Oregon-Washington  coast  have  become  contaminated  up  to  five  miles  inland, 

BPA  lines  are  subjected  to  worse  conditions  than  the  Snettisham  line  in  that 
the  beaches  are  exposed  to  higher  salinity  open  ocean  spray  and  the  Oregon- 
Washington  region  has  longer  periods  of  dry  weather  where  rainfall  does  not 
wash  the  accumulated  salt  off  the  insulators.  BPA  has  found  that  6 fog  type 
insulators  give  good  protection  to  their  llSkv  lines  where  they  have  had 
flashovers  with  as  many  as  seven  standard  insulators.  The  Alaska  District 
discussed  with  BPA  the  feasibility  of  putting  in  test  insulator  strings  to 
get  data  on  contamination  (BPA  has  insulation  test  installations  on  the 
Oregon-Washington  coast).  It  was  pointed  out  that  the  period  of  record 
would  not  be  sufficient  and  that  conditions  were  probably  too  variable  to 
permit  any  significant  results.  Fog  type  insulators  as  listed  below  will 
be  used  on  the  line. 


HS,  HSB  8 

3A,  SAB,  SAT,  SAC  10 

ST,  STX  8 10 


Steel  10  11 

Where  strings  are  inclined  from  the  horizontalp  the  insulators  will  be  placed 
so  the  bowls  are  facing  downward.  The  insulators  will  be  10-1/2  by  6-1/2  inch 
with  ball  and  socket  fittings.  Insulators  with  5-3/4  inch  spacing  were  con- 
sidered but  other  agencies’  experience  has  shown  that  hot  line  work  is  diffi- 
cult with  the  closer  spacings.  The  insulators  will  be  of  the  25,000  pound 
MfiE  type.  Where  additional  strength  on  dead  ends  or  angle  structures  is  't 
quired,  yokes  and  double  strings  will  be  used. 

7-05  HARDWARE ; 

Wood  pole  hardware  will  conform  to  the  general  types  outlined  in  the 
USBR’s  "Standard  Specifications  and  Drawings  for  Construction"  of  138kv  and 
161kv  wood-pole,  H-frame  Transmission  Lines,  October  1960  (Reference  9). 
Crossarm  hardware  will  be  grounded  by  copper  wire  which  will  run  down  one 
pole  and  be  wrapped  around  the  butt  of  the  pole  as  shown  on  Drawing  40-D-4978 
in  Reference  9,  The  hardware  grounding  is  to  prevent  leakage  currents  from 
causing  crossarm  and  pole  burning  under  contaminated  insulator  conditions. 

7-06  STRUCTURES ; 

a.  Suitability  to  Sites  - Wood  pole  structures  will  be  used  throughout 
the  line  except  in  the  area  from  Snettisham  5.3  miles  toward  Juneau,  where 
steel  towers  will  be  used  (Plates  2 8 S)^  The  selection  of  the  indiviuu.il 
Structures  vviil  depend  on  conductor  tension,  span  lengths,  wind  and  ice 
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loadings,  clearances,  topography,  reliability  desired  and  p,eologic  conditions. 
In  general,  structures  will  be  located  on  high  points  where  feasible.  When 
possible,  they  will  also  avoid  swamps,  lakes,  bays  and  slide  areas.  The  line 
was  located  so  as  to  be  as  accessible  as  possible,  achieve  minimum  length  and 
cost  and  be  far  enough  from  the  salt  water  shoreline  to  minimize  salt  contami- 
nation. The  section  from  the  plant  to  mile  5.3  had  no  easy  solution  because 
of  the  steepness  of  the  terrain  and  the  scarcity  of  suitable  sites  to  place 
the  structures.  Steel  towers  were  selected  for  this  portion  of  the  line  for 
the  following  reasons: 

(1)  Guying  problems  are  avoided. 

(2)  Installation  is  easier.  The  steel  towers  can  utilize  a grouted 
steel  bar  for  each  leg.  The  bar  hole  may  be  either  3-1/2  or  4-inch  and  may 

be  drilled  with  normal  equipment  without  blasting  which  might  disturb  the 
surrounding  rock.  Steel  towers  also  have  greater  adaptability  to  very  steep 
slopes.  The  steel  tower  may  have  a S-foot  uphill  leg  and  a 35-foot  downhill 
leg  with  a 65-foot  tower  body;  this  would  require  a 70-foot  uphill  pole  and 
a 95-foot  downhill  pole  to  achieve  the  same  maximum  60®  slope  with  12-foot 
pole  spacing.  To  blast  a pole  hole  in  rock,  however,  would  require  benching 
into  the  hillside  to  prevent  breakout  of  the  hole  which  would  result  in 
additional  length  added  to  the  poles. 

(3)  Steel  towers,  if  damageci  can  be  replaced  in  segments  which  lie 
within  the  lifting  capability  of  small  helicopters.  Further,  if  the  steel 
tower  is  damaged  new  legs  can  be  welded  to  the  reinforcing  bar  type  .footing 
using  light  portable  welders.  In  the  case  of  wood  poles  the  stub  would  have 
to  be  removed  and  a new  pole  placed.  This  would  require  time-consuming 
digging  in  frozen  earth  or  rock  if  the  pole  were  broken  in  the  winter  or 


spring  period  when  a slide  is  most  probable.  If  powder  were  used  to  remove 
the  pole,  replacing  the  pole  would  require  aerial  transport  of  backfill. 


F 


b.  Ease  of  Erection  - All  structures  will  be  designed  for  ease  of 
erection.  Where  feasible,  structures  have  been  kept  off  steep  hillsides. 
Wherever  possible,  similar  materials  will  be  used  throughout  so  as  to  re- 
duce to  a minimum  the  stocking  of  material  and  requirements  for  transporting 
different  types  of  materials  during  outages.  Crossarms  will  all  be  of  the 
sawn  type.  Consideration  was  given  to  spar  types  for  simplicity  of  helicop- 
ter erection;  however,  linemen  have  difficulty  standing  on  spars,  hardware 
problems,  reduced  strengths,  eccentric  loading  and  checking  causing  rotting 
were  factors  which  weighed  against  their  use.  Wood  pole  structures  will  be 
designed  wherever  possible,  to  be  within  the  lifting  capability  of  a 4,000 
pound  lift  helicopter.  Much  of  the  line  will  most  likely  be  constructed  by 
helicopter  since  a good  portion  of  terrain  is  too  rocky,  steep  and  timber 
covered  to  allow  economic  construction  of  roads  and  cat  trails.  If  helicop- 
ters will  be  required  on  a major  portion  of  the  line,  the  contractor  will 
undoubtedly  utilize  the  machines  throughout  so  as  to  reduce  equipment  and 
scheduling  operations  to  a minimum.  Further,  with  advent  of  heavy  use  of 
helicopters  for  military  operations,  greater  volume  production  of  the  larger 
machines  will  reduce  their  costs  and  increase  their  availability.  Helicop- 
ters have  proven  economical  for  line  construction  in  many  areas  less  rugged 
than  the  Juneau  area.  Some  information  on  helicopters  in  construction  is 
contained  in  References  15  to  34  and  Section  9 following. 

c.  Availability  of  Materials  - The  materials  for  the  transmission 
line  wood  structures  are  readily  obtainable  in  the  Pacific  Northwest.  The 
hardware  will  be  standard  type  obtainable  from  a number  of  manufacturers 
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^ in  the  United  States.  Wherever  possible  hardware  types  will  conform  to  those 

I 

utilized  by  the  Bureau  of  Reclamation  to  reduce  maintenance  supply  problems. 
Steel  towers  are  available  from  manufacturers  in  the  United  States;  however, 
other  government  agencies  are  able  to  obtain  very  low  prices  from  European 
companies.  Towers  will  be  standard  with  types  used  by  large  transmission 
line  builders  wherever  possible  to  take  advantage  of  reduced  manufacturer 
set  up  costs,  availability  of  replacement  material  and  testing  and  design 
experience  of  other  agencies.  Suitable  fog  type  insulators  can  be  obtained 
in  the  United  States  from  a number  of  manufacturers.  Again,  foreign  manufac- 
turers have  supplied  insulators  at  very  low  cost  to  other  agencies.  Gener- 
ally foreign  manufacturers  will  probably  not  bid  on  Snettisham  equipment 
unless  the  balance  of  payments  becomes  favorable  for  the  United  States.  The 
Corps  of  Engineers*  policy,  as  outlined  in  ASPR  6-104. 4(bJ  adds  50  percent 
to  their  bid  prices  for  bid  evaluation.  Since  United  States  manufacturers 
are  aware  of  this,  it  is  most  probable  that  the  Corps  of  Engineers  will  not 
be  able  to  achieve  the  same  costs  on  supplied  equipment  as  are  possible  by 
other  agencies.  Ready  mix  concrete  will  be  available  in  the  Juneau  area  for 
the  Juneau  substation.  The  Taku  Arm  cable  terminals  will  require  the  ship* 
ment  of  prescreened  and  washed  gravel  for  the  construction  of  the  concrete 
portion  of  these  facilities.  Cable  ducts  and  cable  covers  could  be  precast 
and  shipped  by  barge  to  the  terminals  to  reduce  the  volume  of  concrete  to 
be  mixed  at  these  locaiior  . Moujj  the  line,  concrete  requirements  will  be 
a minimum,  generally  limited  to  grouting  at  various  tower  footings.  This 
requirement  will  be  minimal  for  drilled  hole  type  footings.  For  concrete 
pad  type  footings,  of  which  there  may  be  only  a few,  requirements  for  con- 
crete will  have  to  be  met  by  helicopter  supply.  Probably  mixing  on  a barge 
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a.iu  lifting  concrete  to  the  tower  routings  by  helicopter  will  be 

the  most  economical.  Near  Snettisham,  •Ji  - . 1 . and  aggregate  will  be  avail- 
able from  the  contractor  building  the  dam,  powerplant  and  other  works. 

Gravel  in  quantity  is  in  short  supply  along  the  transmission  route.  The 
only  sources  are  the  outfalls  of  the  creeks  and  a small  amount  along  the 
beaches.  A good  supply  of  gravel  can  be  found  at  Falls  Creek,  Taku  Harbor, 

Limestone  Inlet,  Slocum  Inlet  and  Crater  Cove  near  the  powerplant.  Any  large 
requirement  for  gravel  or  roclc-for  the  construction_of  roads  may  have  to  be 
met  by  crushing  and/or  blasting  of  rock.  In  certain  areas,  pole  holes  in 
rock,  which  will  be  excavated  by  blasting,  may  be  deficient  in  rock  backfill. 

In  these  cases  backfill  may  have  to  be  supplied  from  other  sources.  Rock  is 
a desirable  material  for  backfill  where  x-braced  poles  are  expected  to  de- 
velop uplift  forces. 

7-07  SAFETY  FACTORS; 

The  safety  factors,  as  outlined  by  Reference  4,  are  as  follows; 


@ full  load 

@ 60“F,  no 

Poles 

2.0 

5.5 

Crossarms 

4.0 

5.5 

Guys  (angle) 

2.0 

- 

Guys  ( 1 ine) 

1.5 

- 

Insulator  Strings 

2.5 

- 

Conductor 

2.0 

4.0 

Above  safety  factors  will  be  checked  against  an  ultimate  load  to  achieve  a 
balanced  overall  design  (Reference  8).  This  will  reduce  the  possibility 
that  one  portion  of  the  transmission  system  will  be  much  weaker.  It  will 
also  allow  reducing  the  cost  on  those  items  that  are  considerably  stronger 
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than  necessary.  The  values  calculated  for  ultimate  loads  to  failure  may 
also  be  useful  during  operation  of  the  system.  If  operations  personnel  are 
aware  that  conditions  along  the  line  are  approaching  ultimate  loads  they  may 
be  in  a position  to  take  remedial  measures.  The  structures  and  line  clear- 
ances will  conform  to  the  condition  outlined  in  Reference  10..  except  where 
analysis  shows  other  values  to  be  more  applicable,  Thf'  ovcrwatcr  c rt  ‘J:-!*;;.  , 
such  as  Limestone  Inlets  must  have  sufficient  clearance  over  high  water  to 
allow  small  craft  to  operate  in  safety.  These  crossings  will  be  checked  with 
Federal  Aviation  Agency  for  aircraft  interference  and  marking  and  will  also 
require  navigation  permits  from  the  U,  S.  Department  of  the  Army  Permit 
Section, 


f 
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I SECTION  8 - SUBMARINE  CABLE 


8-01  SUBMARINE  CABLE; 

a.  The  submarine  cable  must  be  designed  for  a number  of  stresses. 
These  include  laying  stresses,  repair  stresses,  oil  pressurization  stresses 
and  stress  generated  due  to  temperature  changes. 

b.  Cable  laying  stresses  of  necessity  must  be  quite  high  since  the 
cable  weighs  about  11.9  pounds  per  foot  in  air  and  about  8.9  pounds  per  foot 
in  salt  water  and  in  the  deeper  section  will  be  680  feet  below  the  laying 
barge.  Therefore,  the  minimum  possible  tension  for  laying  must  be  greater 
than  6000  pounds,  Puget  Sound  Power  and  Light  Company  laid  a similar  cable 
at  comparable  depths  with  10,000  pounds  tension.  The  stresses  in  picking 

up  the  cable  may  be  higher  than  those  in  laying. 

c.  Tlie  armor  must  be  designed  to  protect  the  cable  from  abrasion  and 
supply  sufficient  strength  for  laying  and  recovery.  Galvanized  steel  armor 
has  been  widely  used  in  this  country  for  this  purpose  and  has  a record  of 
good  performance  as  far  as  strength  and  corrosion  resistance  are  concerned. 
Aluminum  armor  was  used  on  the  Puget  Sound  Power  and  Light  cable  and  has  to 
date  proved  satisfactory. 

d.  The  cable  must  also  withstand  oil  pressures.  It  is  desirable  to 
keep  a positive  pressure  at  all  times  on  the  cable.  Under  load  changes 
there  is  a change  in  oil  temperature  causing  oil  flow  either  from  or  to 
the  reservoirs  on  either  end.  Under  conditions  of  decreasing  load  after 
the  cable  has  been  carrying  high  current  the  oil  flows  toward  the  center 
of  the  cable.  Positive  oil  pressure  will  be  required  to  overcome  the  fric- 
tional resistance  of  the  oil  flow.  Since  the  oil  is  about  0.9  the  speci- 


about  30  pounds  per  square  inch  static  pressure  at  all  times  in  order  to 

> : 

maintain  positive  oil  pressure  at  the  600-foot  depth.  Depending  on  the 

temperature  changes  and  cable  core  design,  the  pressure  required  for  over- 
coming frictional  resistance  will  be  around  20  pounds  per  square  inch. 

This  gives  a total  pressure  of  50  pounds  per  square  inch  at  the  shore  ends 
of  the  cable.  This  pressure,  if  contained  by  the  lead  sheath  alone,  would 
cause  about  370  pounds  per  square  inch  stress  in  the  lead.  To  r:^duce 
stresses  and  creep  in  the  lead,  some  of  the  stress  will  have  to  be  carried 
by  materials  outside  of  the  lead.  Certain  manufacturers  of  cable  have 
prestressed  the  lead  sheath  with  glass  fibers  bedded  in  PVf  to  overcome 
the  lead  creep  which  occurs  at  150  to  200  pounds  per  square  inch.  Also, 
metallic  tapes  have  been  used. 


SECTION  9 
COMMUNICATIONS 


SECTION  9 - COMMUNICATIONS 


9-01  COMMUNICATIONS; 

a.  It  is  contemplated  that  the  communications  to  be  installed  for  the 
construction  period  will  consist  of  four  voice  channels  and  one  teletype 
channel  on  a VHP,  UHF  or  microwave  radio  link.  This  system  may  be  adequate 
for  operations  of  the  plant  until  it  is  placed  under  supervisory  control 
from  Juneau.  At  that  time,  additional  channels  can  be  added,  up  to  a maxi- 
mum of  96  under  one  scheme  now  being  investigated. 

b.  There  is  no  carrier  contemplated  for  relaying  initially  so  there 
will  be  no  carrier  communication  at  this  time. 

c.  The  existing  low  frequency  radio  system  can  be  retained  as  backup 
after  construction  is  completed, 

d.  The  communications  are  covered  in  greater  detail  in  a "Communica- 
tion" supplement  to  Design  Memorandum  No.  5,  "Access  and  Construction 
Facilities ." 
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MAINTENANCE 


SECTION  10  OPERATION  AND  MAINTfiNANCE 


10-01  TRANSMISSION  LINE 

a.  Inaccessibility  of  a large  portion  of  the  line  and  ruggedness  of 
terrain  will  cause  operation  and  maintenance  expenses  to  be  much  higher  than 
costs  for  similar  voltage  lines  in  the  contiguous  states.  Much  of  the  equip- 
ment required  is  for  (.ncrgency  repairs  and  will  be  used  very  rarely  in  normal 
operation.  The  line  can  be  patrolled  most  economically  by  helicopter,  and  on 
approximately  20  miles  of  line,  would  be  the  only  practical  way.  If  helicop- 
ters or  airplanes  are  used  for  routine  transportation  of  operators  and  main- 

i 

i 

r.'iiance  personnel,  the  route  of  the  flights  could  be  along  the  right-of-way  j 

so  that  relatively  frequent  observations  would  be  accomplished.  Helicopter  j 

landing  pads  will  be  provided  at  or  relatively  near  each  structure,  as  re-  ] 

quired,  to  facilitate  inspection  and  repair.  It  is  also  possible  to  con- 
struct roughly  26  miles  of  access  road  along  or  near  the  line  but  this  would 
still  leave  the  above  20  miles  to  be  done  by  helicopter.  The  design  of  the 
structures  will  be  such  that  they  can  be  constructed  by  a 4,000  pound  capa- 
city helicopter  and  would^  of  course,  be  repairable  by  the  same  means.  The 
helicopter  would  also  be  used  for  the  yearly  brush  spraying  program.  Danger 
trees  and  evergreens  growing  in  the  right  of -way  would  be  cut  down  by  the 
linemen  on  their  routine  line  patiols, 

b.  Operation  and  maintenance  costs  and  assumptions  are  discussed 
further  in  Exhibit  2 and  Table  1 


c.  Space  is  available  at  Snettisham  and  Juneau  for  the  storage  of 
spare  poles,  crossarms,  hardware  insulators,  conductor,  guy  wire  and 
spare  steel  tower  sections  for  routine  and  emergency  repairs. 


10-02  JUNEAU  SUBSTATIONS 


Maintenance  and  operation  should  follow  routine  USBR  standard  practices 
with  the  exception  that  it  may  be  necessary  to  wash  down  insulator  strings 
and  bushings  on  a routine  basis.  All  washdowns  in  the  substation  can  be 
done  with  the  equipment  de-energized  and  without  service  interruption  except 
for  transformer  bushings.  Fog  type  nozzles  should  allow  cleaning  of  ener- 
gized transformer  bushings  in  safety.  Of  course^  insulator  washdown  will 
have  to  be  conducted  when  the  temperatures  are  above  freezing.  Some  steel 
structure  base  lifting  and  regrouting  may  be  necessary  due  to  differential 
settlement  of  the  fill  material, 

10-03  SNETTISHAM  SWITCHYARD: 

Operation  and  maintenance  should  follow  routine  USBR  practices.  There 
is  no  provision  for  taking  the  transformers  into  the  powerhouse  for  repair. 

If  major  work  is  required,  a temporary  shelter  will  have  to  be  built  over 
the  transformer  and  mobile  cranes  brought  in  from  Juneau,  if  required.  This 
decision  is  based  upon  the  very  low  probability  of  transformer  trouble  dur- 
ing the  50-year  life  of  the  project.  Insulator  and  bushing  cleaning  should 
not  be  necessary  because  of  the  very  low  salinity  of  the  water  and  the  very 
high  rainfall  level  in  the  area. 

10-04  SPARES; 

It  is  anticipated  that  reasonable  quantities  of  spare  items  will  be 
included  in  construction  procurement  to  permit  initiation  of  operation  with 
a normal  stock  of  spare  parts. 
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REAL  ESTATE  REQUIREMENTS 


SECTION  11  - REAL  ESTATE  REQUIREMENTS 


11-01  DESCRIPTION; 

The  transmission  line  right *of-way  will  be  approximately  44.6  miles 
long  and  200  feet  wide  containing  some  1,087  acres.  From  its  point  of 
origin  at  the  project  site  to  Bishop  Point,  the  right-of-way  is  located 
entirely  upon  Government-owned  land  with  a possible  exception  at  Taku 
Harbor  where  it  may  cross  a small  portion  of  private  land.  From  Bishop 
Point  to  the  Juneau  townsite  boundary,  a distance  of  approximately  4-1/2 
miles,  the  right-of-way  is  located  sufficiently  inland  to  avoid  all  but  some 
180  feet  of  private  land.  The  distance  from  the  townsite  boundary  to  the 
termination  of  the  transmission  line  near  Juneau  is  approximately  5 miles, 
the  ownership  of  which  is  held  by  private  interests  and  the  State  of  Alaska. 
The  right-of-way  extends  approximately  900  feet  across  several  privately 
owned  small  tracts,  18,600  feet  across  numerous  mineral  surveys  and  mining 
claims,  most  of  which  are  patented  and  all  owned  by  Alaska-Juneau  Industries, 
Inc.,  and  14,900  feet  across  State  land.  This  State  land  has  been  selected 
and  granted  tentative  approval  which  is  tantamount  to  ownership.  The  min- 
eral surveys  and  claims  are  lying  idle  and  have  not  been  in  production  for 
several  years.  As  near  as  can  be  determined  there  are  no  other  such  inter- 
ests in  either  the  main  project  area  or  the  remainder  of  the  transmission 
line  right-of-way  The  Juneau  substation  will  be  situated  on  a 400’  x 400' 
site  approximately  two  miles  southeast  of  the  city  center.  Two  tentative 
locations  are  under  study;  however,  one  of  them,  the  A-J  Industries'  rock 
dump,  will  not  be  considered  further  due  to  the  high  cost  of  acquisition. 

The  other  location  is  the  abandoned  city  garbage  dump  which  the  city  has 
indicated  it  would  consider  making  available  for  use  as  a substation  site. 


11-02  TYPE  OF  ACQUISITION: 

The  Corps  of  Engineers  is  to  acquire  all  the  land  and  rights  neces- 
sary for  the  Snettisham  project  and  is  to  construct  said  project  after 
which  it  will  be  turned  over  to  the  Department  of  Interior^  Bureau  of 
Reclamation,  for  operation  and  maintenance.  The  transmission  line  right- 
of-way  on  Federal  land  will  be  acquired  by  use  of  Forest  Service  Construc- 
tion and  Use  Permits,  once  the  location  of  the  line  is  finalized.  Acqui- 
sition of  the  transmission  line  right-of-way  across  State  and  private  lands 
will  be  accomplished  by  acquiring  permanent  easements  Since  structures  of 
a permanent  nature  are  to  be  constructed  on  the  substation  site,  this  land 
will  be  acquired  in  fee, 

11-03  RELOCATIONS. 

There  will  be  no  relocations  of  roads,  railroads,  pipelines,  utili- 
ties or  cemeteries,  etc.  There  will  be  some  access  roads  to  the  transmis- 
sion line. 

11-04  REAL  ESTATE  COSTS. 

a.  Fee  - No  land  is  to  be  acquired  in  fee  other  than  the  Juneau 
substation  site.  Present  consideration  is  being  given  the  abandoned  city 
garbage  dump,  an  area  of  around  7 acres  located  approximately  3,000  feet 
southeast  of  the  A-J  Industries*  rock  dump.  The  suitability  of  this  site 
will  depend  on  foundation  characteristics  which  are  unknown  at  this  time, 
ihf  city  has  tentatively  indicated  it  would  make  the  land  available  at  no 
cost,  however,  this  has  not  been  formalized.  Its  value  is  estimated  at 
around  $25,000. 

b.  Easement  - Of  the  total  1.087  acres  in  the  transmission  line 


right-of-way  it  will  be  necessary  to  acquire  permanent  easements  covering 


approximately  160  acres.  This  includes  69  acres  of  State  land  and  91  acres 
of  private  land.  All  but  5 acres  of  the  private  land  consists  of  mineral 
surveys  and  claims  owned  by  A-J  Industries,  Inc.  The  5 acres  involves  the 
crossing  of  around  four  small  tract  ownerships  of  4 to  S acres  each  and  a 
privately  owned  U.  S.  Survey  tract.  The  actual  right-of-way  location  has 
not  been  finalized  and  is  subject  to  change  at  a later  date.  It  is  the 
policy  of  local  power  companies  in  both  Anchorage  and  Juneau  to  acquire 
this  type  of  easement  for  no  consideration  unless  damages  are  incurred  by 
the  property  owner.  Even  though  the  transmission  line  should  be  sufficiently 
above  the  road  to  be  out  of  sight,  its  presence  and  the  clearing  of  timber 
may  still  result  in  a loss  of  value  to  the  private  land  amounting  to  as  much 
as  full  value  for  the  land  involved.  No  sales  of  this  land  were  found,  how- 
ever, they  are  valued  at  around  $500  per  acre  by  the  Borough  Assessor  which 
appears  reasonable.  The  mining  claims  have  been  the  property  of  A-J 
Industries  for  many  years  and  have  not  been  offered  for  sale  even  though 
they  are  not  being  operated.  The  Assessor  values  them  at  $400  for  a stand- 
ard claim  of  around  20  acres  or  $20  per  acre.  The  State  land  has  not  been 
valued  by  the  Assessor  and  in  all  probability  easements  can  be  acquired 
across  it  for  little  or  no  consideration.  For  purposes  of  this  report, 
however,  it  will  be  valued  at  $25  per  acre  taking  into  account  the  small 
amount  of  merchantable  timber  involved, 

c.  Administrative  Costs  - These  costs  are  based  upon  an  estimate 
of  the  actual  work  to  be  performed  in  acquiring  the  necessary  real  estate 
rights.  Included  are  mapping  and  surveying,  appraising,  title  evidence, 
negotiating  and  closing.  They  are  listed  as  follows; 


r 


Appraising  500 
Title  Evidence  350 
Negotiating  and  Closing  650 

TOTAL  $5,500 


d.  Sununary  - The  following  is  a summary  of  the  estimated  real  estate 
costs  as  of  this  time.  Since  the  availability  of  the  substation  site  at  no 
cost  to  the  Government  is  not  presently  known,  its  value  will  be  included. 

A contingency  factor  of  25%  is  also  included  to  cover  the  possibility  of 
having  to  acquire  easement  rights  over  additional  private  land  and  to  con- 
sider a possible  increase  in  value  from  the  date  of  this  report  to  final 
project  acquisition. 

LAND  RIGHTS 

Government  owned  land  - 923  acres  NO  COST 

State  Land  - Easement  rights  only 

69  acres  @ $25/ acre  $1,725.00 

Private  Land  - Easement  rights  only 

86  acres  mineral  surveys  @ $20/ acre  $1,720.00 


5 acres  Small  Tract  Ownerships  0 $500/acre 
Juneau  Substation  Site  - Fee  acquisition 
Total  Cost  of  Land  Rights 
Contingencies  - (25%  of  $30,945) 
Administrative  Costs  - 

Estimated  Total  of  Real  Estate  Costs 


$2,500.00 

$25,000.00 

$30,945.00 

$7,736.00 
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$44,181.00 
Called  $44,200.00 


11-05  ACQUISITION  SCHEDULE; 


Applicition  has  been  made  for  the  withdrawal  of  Federal  land  in  the 
main  project  area  and  approval  is  now  pending.  A Memorandum  of  Understand- 
ing between  the  Alaska  District  Engineer  and  the  Regional  Forester  involv- 
ing all  the  Federal  land  needed  for  planning  and  construction  of  the  project 
is  currently  under  study.  It  is  presently  the  plan  to  have  the  transmission 
line  right-of-way  and  substation  site  acquired  by  June  1967. 

11-06  FUTURE  CONSIDERATIONS. 

Consideration  should  be  given  to  acquiring  right-of-way  for  a future 
additional  line.  It  is  anticipated  that  there  will  be  little  problem  on 
the  east  side  of  Taku  Inlet.  On  the  Juneau  side,  the  city  will  probably 
expand.  Where  possible,  if  there  is  no  additional  cost,  an  increased 
right-of-way  width  to  300  feet  should  be  used.  The  additional  width  of 
100  feet  could  be  taken  on  the  uphill  side  of  the  present  projected  200-foot 
right-of-way.  The  additional  width  will  probably  fall  outside  of  private 
land  but  will  call  for  the  additional  acquisition  of  State  of  Alaska  lands 
and  mining  claim  lands  owned  by  Alaska-Juneau  Industries,  Inc.  The  addi- 
tion of  a pulp  mill  could  so  radically  alter  power  requirements  in  the 
Juneau  area  that  second  line  planning  may  have  to  be  instituted  shortly 
after  completion  of  the  Crater-Long  Lakes  Projct... 
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SECTION  12 
COST  ESTIMATES 


SFCTION  12  COST  KSTIMATHS 


12  01  GENKRAL 

a,  Cojt^Es^imates  I he  cosL  estimates  for  Appendix  B were  computed 

from  data  from  numerous  sources  These  included  manufacturers*  quotations 
and  catalogs,  data  from  Bureau  of  Reciaraation  Bonneville  Power  Administra* 
tion,  U S Forest  Service,  contravior-'.  :iv<'  ''nrious  bid  abstracts.  Material 
costs  were  escalated  to  present  values,  as  necessary,  with  appropriate  allow- 
ances for  freight  costs  were  largely  based  upon  the  following. 

tlj  Chugach  Electric  Association  DO-milCj  llSkv  line  built  in  1962 
from  Cooper  Lake  to  Anchorage. 

(2)  U S Bureau  of  Reclamation  Anchorage  substation  1953  bids. 

(3J  Puget  Sound  Power  and  Light  Company  experience, 

14;  U,  S Forest  Service  experience. 

(5)  Bonneville  Power  Administration  experience. 

(6j  Contractors  and  abstracts  of  other  bids. 

Labor  costs  were  then  adjusted  for  time,  roughness  of  terrain,  weather  con 
ditions  and  increased  t ransportof loi.  ditticuitios 

b. ,  Contingencies  Contingencies  used  are  25  percent.  More  accurate 
estimates  will  be  made  upon  completion  of  field  work  now  scheduled  for  the 
summer  of  1966.  At  that  time  the  specific  number  of  stiiictures,  their 
heights,  accurate  line  and  cable  lengths  substation  foundfitiop  conditions, 
tower  weights  and  substation  steel  will  be  determined 

Summar  Summary  tiv  item  and  feature  is  included  in  this  section, 

included  are  mi  r detclc.  li'-oakiiowns  of  items  used  in  the  cost  esti- 
mate these  Citiir.  .u-  do  not  in..lude  contractor  s profit  and  overlieaa  wiuch 
are  included  in  the  aforementioned  summary. 
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The  detailed  estimate  on  "Land  Rights  and  Rights-of-Way"  can  be  found  in 
Section  11  of  this  Appendix,  titled  "Real  Estate  Requirements."  The  de- 
tailed estimate  for  "Structures  and  Imprvements"  is  shown  under  the  break- 
down for  "Station  Equipment"  and  consists  of  a $68,000  building  for  Juneau 
substation.  The  detailed  estimates  for  "Poles  and  Fixtures,''  as  well  as  a 
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SECTION  12  - TRANSMISSION  PLANT 
COST  ESTIMATE  SUMMARY 


Above  costs  include  contractor's  profit  arid  overheau. 


12-02  DETAILED  ESTIMATE; 


a.  Clearing  Lands  S Kights-of-Way  - Complete  Disposal 
Substation  to  Bishop  Point 
15.4  miles  x 100'  width 

12.1  acres  x 15.4  x $850/acre  * = $158,500 

North  of  Taku  Harbor 

12.1  acres  x 0,25  x $850/acre  * = 2,500 

Taku  Harbor 

I 

12.1  acres  x 1.25  x $850/acre  * = 12,800  ! 

Limestone  Inlet 

12.1  acres  x 0.9  x $850/acre  • = 9,200 


Subtotal  $183,000 

b.  Merchantable  Timber  to  be  Removed  - 

12.1  acres  x 8.3  x $600/acre  **  = $ 60,000 

c.  Timber  to  fell  and  lop  - 

12.1  acres  x 16  x $400/acre  = $ 78,000 

} 

TOTAL  $321,000 

i 


NOTE:  Chugach  Electric  Association  1962  cost  for  clear,  cut,  grub  and 
disposal  in  Chugach  National  Forest  was  $425  per  acre. 


* Increased  cost  over  CEA  because  of  bigger  timber  and  more  difficult 
burning  conditions. 

**  Increased  cost  because  timber  will  be  lower  in  value  than  costs  to 
remove  it , 

♦ 
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12-03  DETAILED  ESTIMATE: 

a,  Snettisham  Switchyard  - Mat ' 1 ^ Frt  Labor 

Land  and  I, and  Rights  0 0 

Structures  and  Improvements 

Rockfill,  20,666  yds  x $2.2.';  46,500 

Gravel  .Surfacing  1,147  yds  x $3,00  3,440 

Subtotal  $49,940 


Station  Equipment: 

Bus  Compartments  (none) 

Conduit,  buried 

for  transformers  - 400'  of  1’  = 400' 

switchyard  lights-  400'  of  1'  = 400' 

miscellaneous  - 500'  of  1'  = 500' 

Total  footage  1,300'  600  1,200 

cable  trench,  concrete  48"  x 48"  x 4" 

walls,  250'  40  cu  yds  1,600  4,000 

reinforcing  steel  @ 100  Ibs/cu  yd 

= 4,000  lbs  600  400 

steel  plate  trench  cover, 

1/4"  X 5'  X 250’  = 12,500  lbs  3,000  500 

Subtotal  $5,800  $6,100 

Control  Equipment  (none) 

Conversion  Equipment 

two  transformers,  26MVA,  13.8-138kv  106,000  18,000 

Fence,  510',  7'  high,  3-strand  barb 
wire  top  2,800  ^ 2,500 


-.>0 


t 


Synchronous  Condensers  (nonei 
Foundations 


Mat ' 1 g Frt 


Labor 


8,  concrete,  ■ .unvaru  siccl 


= 10  cu  yds 

400 

800 

2,  concrete,  for  transformers, 

10'  X 14'  X 18"  = 16  cu  yds 

640 

300 

reinforcing  steel  for  above  0 75  lbs/ 

cu  yd  = 1950  lbs 

500 

200 

excavation  and  backfill  for  above 

100  cu  yds 

- 

500 

Subtotal 

$1,540 

$1,800 

General  Station  Equipment 

15  outdoor  lights 

900 

900 

Platforms,  gratings,  etc,  (incl  w/ 

switchyard  steel J 

Primary  and  secondary  voltage  connections 

high  voltage  leads,  800  lbs 

1,000 

1,500 

control  cable  (charge  to  P.P,  as  it 

ties  in  with  control  board) 

. 

power  cables,  low  voltage  only  (assume 

3000’  of  1/c  #8  ave) 

600 

1,800 

insulators,  etc. 

4,000 

4,000 

AC  power  distribution  panel 

400 

400 

substation  steel  structures,  three 

138kv  bays,  single  bus,  no  OCB's, 

0 20,000  Ibs/bay  = 60,000  lbs 

18,000 

18,000 
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Mat'l  U Frt 

gravel  fill,  24"  deep  1500  cu  yds 


ground  mat,  4,000  lbs  ’,000 

Subtotal.  ' $26,000 

Sw : r rO i n ) 

Switching  equinment 

2 - 138kv  disconnect  switches  10,500 

Tools  and  appliances 

miscellaneous  tools  500 

TOTAL  $154,040 

Juneau  Substation  - 


Cost  of  ground  on  city  dump,  400'  x 400*  25,000 

Structures  and  improvements 

concrete  building  for  Juneau  substa- 
tion, 26'  X il9'  with  3,096  sq  ft 
@ $22/sq  ft  (as  per  Plate  39  in  main 
report.  Further  foundation  investi- 
gation may  indicate  the  desirability 
of  using  prefabricated  metal  building. 

A 4,000  sq  ft  building  was  quoted  at 
$63,000  with  foundation,  insulation, 
lighting,  heating,  plumbing  and  erec- 
tion, complete  by  an  Anchorage  firm) 


Labor 
3 , 000 

$38,700 

3,000 


$120,940 


68,000 


TOTAL 


$68,000 


Mat'l  S Frt  Labor 

Station  Equipment 
Bus  compartments  (none) 

Conduit,  buried 

69kv  bays  (4)  0 250'  ea  of  1"  « 1000' 

23kv  bays  (4)  0 150'  ea  of  1"  - 600' 

Transformer  (1)  A 200'  of  1"  - 200' 

Miscellaneous,  1000'  of  1"  = 1000' 


Subtotal  2800' 

1,100 

2,000 

Cable  Trench,  concrete,  48"  x 48"  x 4", 

570'  = 85  cu  yds 

2,600 

8,400 

Reinforcing  steel  0 100  Ibs/cu  yd. 

8500  lbs 

1,100 

900 

Steel  plate  trench  cover,  1/4"  thick 

X 5'  X 570'  = 28,800  lbs 

5,700 

540 

Subtotal 

$10,400 

$9,840 

Control  Equipment 

Battery,  est,  120  A li  I25v 

5,000 

2,000 

Two  chargers,  est  20  amps 

4,000 

1,000 

Control  board,  8 panels 

50,000 

6,000 

A,C»  Power  Board 

2,500 

1,000 

D.C,  Power  Board 

2,500 

1,000 

Six  69kv  CTS 

9,000 

6,000 

Six  69kv  PTS,  2 bushings 

14,000 

6,000 

Six  23kv  CTS 

5,000 

4,000 
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Mat ' 1 5 Frt  Labor 


Six  23kv  PTS,  2 bushings 


7,000  4,000 


Subtotal 


Conversion  Equipment 

Auto  transformer,  24/32/40MVA, 


138-69-23kv 


Station  service  transformer. 


$99,000  $31,000 


78,000 


8,000 


llOKVA,  24,000-120/240v 


1,000 


Subtotal 


Fences,  1600',  7'  high  w/3  strand 


barb  wire 


Synchronous  condensers  (none) 


Foundations 


10  concrete,  for  69kv  bays,  3/4  cu  yd 
ea  = 7.5  cu  yds 

10  concrete  for  23kv  bays,  ,61  cu  yd 
ea  = 6,1  cu  yds 

1 transformer  pad,  12'  x 20'  x 16" 

■ 13  cu  yd 

1 station  service  transformer  pad 
4'  X 6'  x 12"  = 1 cu  yd 

4 pads  for  intermediate  bussing  struc- 
tures, ,61  cu  yd  * 2.5  cu  yd 

Reinforcing  for  above  @ 75  Ibs/cu  yd 


3300  lbs 


$79,000  $8,500 


8,000 


6,500 
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Mat*l  6 Frt 


Labor 


Excavation  and  backfill  for  above 

100  cu  yds  - 500 

Subtotal  $1,410  $2,050 

General  Station  Equipment 

Air  Compressor  (rent,  if  required) 

Test  Equipment  5,000 

Fault  location  equipment,  20  lights, 

outdoor  type  1,000  1,000 

Subtotal  $6,000  $1,000 

Platforms,  gratings,  etc,  (included 
with  switchyard  steel) 

Primary  and  Secondary  Voltage  Connections 

High  voltage  leads,  1500  lbs  1,500  2,500 

Control  cable,  3 to  12/c,  #10  § #12, 

(assume  12,000  ft  of  4/c  average)  7,000  21,000 

Power  cables,  assume  500*  of  500MCM, 

600  volt,  1/c,  insulated  900  1,000 

Small  power  wiring,  assorted,  assume 

4000*  of  1/c  #8AWG  (ave.)  @ 13((/ft  500  1,500 

23kv  copper  tube  bus,  1",  600'  insul- 
ators, etc,  1,600  1,600 

A.C.  Power  distribution  panel  400  400 

Substation  steel  structures 

Four  69kv  bays  @ 30,000  lbs  ea  30,000  30,000 


Mat ' 1 S Frt 


Labor 


i 


Four  23kv  bays  3 8,000  lbs  ea  8,000  8,000 

One  llSkv  disconnect  switch  structure 


3 2, 

000  lbs 

500 

500 

travel 

fill,  12"  - 6000  cu  yds 

15,000 

6,000 

Ground 

mat,  4,000  lbs 

2,000 

7,000 

Subtotal 

$66,400 

$79,500 

Switchboards  with  control  equipment  (none) 
Switching  Equipment 


Three  69kv  OCR's,  1200  A,  250MVA 

95,000 

3, 

,600 

Ten  69kv  disconnect  switches 

28,000 

3, 

,000 

Three  23kv  OCR’s,  600  A,  500MVA 

45,000 

2. 

,700 

Thirty  23kv  disconnect  switches,  1-pole, 

hook  stick  operated 

6,000 

1, 

,000 

One  138kv  disconnect  switch  w/grounding 

blade 

6,000 

1; 

,300 

One  138kv  high  speed  grounding  switch 

4,000 

1 

,000 

One  2-pole  23kv  fused  disconnect  switc' 

100 

400 

Subtotal 

$181.  100 

$12: 

,400 

Tools  and  Appliances 

Switch  Hooks,  one  12’  and  one  16' 

100 

- 

Oil  filter  and  centrifuge 

3,000 

100 

Miscellaneous  tools 

500 

- 

Subtotal 

$3,600 

$ 

100 

TOTAL 

$458,810 

$150, 

,890 
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Mat'l  (,  Frt 


Labor 


c . Detailed  Lstimate,  Steel  lowers  - 

Steel  - material,  $0.25  x 12,000  x 37 
labor,  $0.25  x 12,000  x 37 
Insulators,  suspension  870  § $7.32 
Insulators,  dead  end  1400  @ $7.32 
Hardware,  suspension,  material  $51  x 29 
Hardware,  suspension,  labor  $199  x 29 
Hardware,  dead  end,  material  $347  x 8 
Hardware,  dead  end,  labor  $303  x 8 
Footings,  grouted  steel  bar: 
material  $220  x 37 
labor  $980  x 37 


111,000 

16,700 

1,500 

2,800 


8,200 


111,000 


in 


2,4U(; 


36,300 


TOTAL  $290,000 

d.  Detailed  Estimate,  Overhead  Conductor  S Devices  - 

795MCM  26/7  ACSR 

material  706,000' x 1.0941bs/ft  x $0.38  294,000 

labor  706,000'  x 1.0941bs/ft  x $0.44  340,000 

Overhead  Ground  Wire  * 

material,  2 miles  x $1,000  2,000 

labor,  2 miles  x $1,000  2,000 

Other  Devices 

Stockbridge  Dampers  ** 

material,  900  x $13.00  11,700 

labor,  900  x $32.00  28,700 


TOTAL  $372,000 

* Only  1/2  mile  from  switchyard,  cable  terminals  and  substation 
**  For  estimating  purposes  16  lb  dampers  assumed  on  long  spans  and  exposed 
deadends. 
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Mat'l  f,  Frt 

I.abor 

Detailed  Estimate,  Submarine  Cable  - 

Armored  Conductors,  buried  (none) 

- 

- 

Armored  Conductors,  submarine  cable 

250  MCM,  138kv,  steel  armoed. 

57,000  ft,  mfrs  quote  i?  $5. 73/ft 

327,000 

- 

Add  $0, 25/ft  for  plastic  bedding 

14,300 

- 

Freight  on  684,000  lbs  to  Seattle 

28,000 

- 

8 Potheads,  138kv,  frt  f,  hndlg 

19,000 

10,000 

8 011  Reservoirs,  fndtn  T,  fence 

20,000 

4,000 

Valve  Panel 

300 

500 

3600'  of  1-1/2"  oil  1 to  reservoir 

3,200 

4,000 

2 Cable  Terminal  Buildings 

150  cu  yds  concrete,  each  bldg 

9 , 000 

18,000 

14,000  lbs  reinforced  steel,  each 

3,640 

2,800 

Insulators,  lightning  arresters. 

steel  stands,  pipe 

40,000 

4,800 

138kv  leads  f,  jumpers,  120' 

120 

300 

Bonding  sheath  § armor  at  low  water 

line  200 

500 

Insulation  under  potheads 

100 

100 

Precast  Cable  Trench,  400* 

Concrete,  80  cu  yds 

2,400 

2,000 

Reinforced  steel  for  trench 

& 150  Ibs/cu  yd 

1,800 

1 ,200 

Excavating  ditch  f,  placing 

concrete  trench 

- 

1,000 

r 


Mat 

'1  f.  Frt 

Labor 

Laying  57,000'  of  Cable 

Rental  of  barge  from  Seattle,  1-1/2  mos. 

6,000 

Reinforcing  barge  deck  for  large  reels 

5,000 

Renting  or  fabricating  4 large  reels 

(it  may  be  possible  to  coil  cable  in 

hold  of  barge  and  eliminate  these  reels) 

4,000 

4,000 

8 splices,  $1,000  each 

8,500 

10,000 

Reeling  cable  on  large  drums 

- 

2,000 

Large  tug  rental,  one  month 

- 

20,000 

4 small  tug  rental  from  Juneau,  2 wks 

- 

25,000 

Driving  4 dolphins,  3 piles  each, 

500’  total  @ $8. 00/ft 

1,000 

3,000 

Contractor's  men  from  Seattle,  assume  10 

men  for  10  days  @ $100/man-day 

. 

10,000 

Local  labor,  assume  20  men  for  10  days 

@ $75/man-day 

15,000 

Treating  oil,  filling  reservoirs,  etc. 

7,000 

2,000 

High  potential  testing 

- 

5,000 

TOTAL  $489,560  $156,200 


B-59 


1 


SECTION  13 
SCHEDULE 
FOR 

DESIGN 

AND 

CONSTRUCTION  j 


f 


SECTION  13  - SCHEDULE  FOR  DESIGN  AND  CONSTRUCTION 


13-01  SCHEDULE  FOP  ivrui\  AVD  CONSTRUCTION 

The  weather  is  the  most  important  controlling  factor  in  schedul- 
ing construction  of  the  Snettisham  Transmission  Line.  In  the  vicinity  of 
Speel  Arm  the  snow  remains  late;  to  mid-May  or  later  in  spots  and  the 
weather  becomes  quite  adverse  by  October  (winds,  rain,  fog  and  snow).  The 
best  months  to  accomplish  field  work  are  June  through  September.  Around 
Juneau,  the  season  is  longer.  The  schedule^  as  shown  in  Figure  4,  calls  for 
the  following; 

a.  Plan,  profile,  cable  terminal  surveying  and  substation  terminal 
surveying  all  completed  by  October  1966. 

b.  Foundations  and  Materials  investigations  for  the  transmission 
structures,  cable  terminals,  Juneau  substation  and  underwater  cable  to  be 
completed  by  October  1966. 

c.  Design  Memorandum  No.  9 will  be  utilizing  raw  data  as  it  becomes 
available  and  is  currently  scheduled  to  be  finished  by  December  1966. 

d.  Plans  and  specifications  will  be  completed  after  approval  of 
Design  Memorandum  No.  9, 

e.  Right-of-way  clearing  will  start  as  soon  as  possible  after  Design 
Memorandum  No.  9 has  been  approved.  If  the  right-of-way  is  cleared  at  an 
early  date,  bidders  on  the  transmission  line  will  have  a better  opportunity 
to  evaluate  construction  problems  leading  to  more  competitive  bids. 

f.  The  submarine  cable  will  be  advertised  for  several  months  to 
allow  foreign  bidding.  If  the  Corps  of  Engineers'  50  percent  policy  has 
not  relaxed  by  that  date,  it  is  probable  that  only  domestic  manufacturers 
will  bid.  The  cable  takes  in  excess  of  12  months  to  manufacture  and  deliver. 
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The  cable  may  be  laid  by  the  manufacturer  on  a turnkey  contract  or  may  be 
put  out  on  bid  to  a laying  contractor. 

g.  The  construction  schedule  for  the  overhead  section  of  the  trans- 
mission line  provides  two  seasons  for  completion.  If  the  contractor  elects 
helicopter  construction,  it  may  be  completed  in  one  season. 

h.  The  construction  schedule  for  the  substation  provides  two  seasons 
for  construction.  This  is  more  than  will  probably  be  required.  (Figure  4) 
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SECTION  14  - REFERENCES 
14-01  REFERENCE  LITERATURE: 

Following  is  a partial  list  of  references  used  for  this  study: 

(1)  Westinghouse  Transmission  and  Distribution  Reference  Hand- 
book-1950 

(2)  The  Calculation  of  the  Temperature  Rise  and  Load  Capability  of 
Cable  Systems,  J.  H.  Neher  and  M,  H,  McGrath.  AIEE  Transactions,  Vol.  76, 
Part  III,  Oct.  1957,  p. 752-64. 

(3)  Specifications  for  Impregnated  Paper,  Insulated  Lead-Covered 
Cable,  Oil-Filled  Type,  5th  Edition,  Jan,  1951,  by  Association  of  Edison 
Illuminating  Companies. 

(4)  Design  Standards  No.  4,  Power  Systems,  Chapter  4,  Transmission 
Lines,  U.S.B.R. , May  1961. 

(5)  Graphic  method  for  sag  tension  calculations  for  ACSR  and  other 
conductors.  ALCOA  Aluminum  Overhead  Engineering  Data,  Section  8,  Aluminum 
Company  of  America. 

(6)  Current -Temperature  Characteristics  of  Aluminum  Conductors, 

ALCOA  Conductor  Engineering  Handbook,  Section  6,  Aluminum  Company  of  Amer- 
ica. 

(7)  Sag-Tension  Computfitions  and  Field  Measurements  of  Bonneville 
Power  Administration,  Paul  F„  Winkleman.  Power  Apparatus  and  Systems, 

Feb.  1960. 

(8)  A Guide  to  Transmission  Structure  Design  Loadings,  F.  W.  Farr, 
et  al.  Power  Apparatus  and  Systems,  November  1964. 

(9)  Standard  Specifications  and  Drawings  for  Construction  of  138  and 
161-kilovolt  wood-pole,  M-frame  Transmission  Lines.  U.S.B.R.,  October  1960, 
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EXHIBIT  1 


TAKU  INLET  SEDIMENT 

SAMPLE  ANALYSIS 

Sample  No. 

Density 

Lbs/Cu.  Ft -Dry 

Percent 

Moisture 

25  March  1965 

Classification 

NW-1 

83.4 

80.4 

ML 

NW-2 

70.0 

50.7 

ML 

NW-3 

62.7 

48.3 

ML 

NC-1 

41.0 

105.6 

ML  , 

NC-2 

54.8 

53.5 

ML 

NC-3 

22.6 

22.8 

ML 

NX-ES  #1 

98.5 

34.0 

ML 

NX-ES  #2 

81.8 

35.0 

ML 

NX-ES  #3 

82.0 

35.2 

ML 

CC-1 

48.9 

98.6 

MH 

CC-2 

43.6 

101.1 

MH 

CC-3 

43.9 

97.1 

MH 

SC-1 

44.2 

98.8 

MH 

SC -2 

44.6 

93.9 

MH 

SC -3 

45.0 

90.4 

MH 

SE-1 

83.6 

36.3 

ML 

SE-2 

67,4 

51.7 

ML 

SE-3 

70.2 

44.6 

ML 

^ ES  #3 

76.2 

38.9 

SM 

ES  #2 

43.6 

124.4 

SM 

^ ES  #I 

91.5 

31.6 

SM 

SW-1 

69.6 

81.6 

ML 

SW-2 

82.9 

25.8 

SC 

SW-3 

71.6 

40.6 

MH 

WC-1 

52.2 

86.8 

SM 

WC-2 

8/^.2 

32.2 

ML 

WC-3 

11.8 

286.4 

OL 
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EXHIBIT  2 


SELECTED  COMPUTATIONS 
SNETTISHAM  TRANSMISSION  LINE 

Operation  and  Maintenance  - Roads  vs  Helicopters,  Comparative  Analysis 

ROAD 

Miles  of  cat  trail  26 

Cost/mile  $20,000 

Total  Cost  $520,000 

Maintenance  @ $100/mi-yr  2,600 

Annual  cost  of  capital  investment  $520,000  (0,0397)  $20.700 

Annual  Cost  $23,300 


HELICOPTER 

Bell  204B  Type  - capacity  2800  lbs  cabin 

or  4000  lbs  sling 


First  Cost 

Life 

Salvage 

Fuel  Consumption 
Maintenance 

Capital  Recovery  = 350,000-50,000 

= $36,760/yr 

Hourly  cost  70  x $0.25 /gal  + $100 


$350,000 

10  yrs 
$50,000 

70  gal/hr  kerosene 
$100/op.  hr. 

(Crf-3-1/8-10)  + 0.0313  (50,000) 

= $120/fllght  hr. 
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EXHIBIT  2 (cont'd) 


Snettlsham  Transmission  line  - Roads  vs  Helicopters 

Surplus  Helicopter  w/$50,000  modifications  and  reconditioning 

0 Salvage 
Life  10  yrs 

Fuel,  maintenance  same  as  above 

CR  = 50,000  (Crf  - 3-1/8  - 10)  = $5,900/yr 

Assumption  of  use 

Summer,  4 mos.  (?  4 hrs/day  (3  2 das/mo  = 32  hrs 
Winter  _8  hrs 

40  hrs/yr 


Annual  Cost 


New  Machine 

First  Cost 

Maintenance  & fuel 
(12C  X 40) 

Pilot  (part  time) 

Surplus  Machine 

First  Cost 

Maintenance  & fuel 
(120  X 40) 

Pilot 


$36,760 

4,800 

l.COO 

$42,560/yr 

$5,900 

4,800 

1,000 

$ll,700/yr 
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EXHIBIT  2 (cont'd) 


Snettlsham  Transmission  Line  - Roads  vs  Helicopters 


Road  Equipment  Costs  for  Pole  Work/yr 


Equipment 

Life 

First  Cost 

Salvage 

Use/yr 

D-6  w/winch 

10  yrs 

25,000 

5,000 

180  hrs 

Line  Truck 

5 yrs 

9,000 

1,000 

25  hrs 

Barge 

15  yrs 

50,000 

5,000 

200  hrs 

Cat  Coot/yr 

CR  = ($25,000  - 5,000) (Crf  - 3-1/8  - 10)  + 5,000  (0.0313) 

= 2,517/yr 
Trutk  Cost/yr 

CR  = ($9,000  - 1,000)  (Crf  - 3-1/8  - 5)  + 1,000  (0.0313) 

= $2,000/yr 

Cat  Fuel  Cost  and  Maintenance 
$5/yr  X 180  = $900/yr 
Trr.tk  Fuel  Cost  and  Maintanance 
$4/hr  X 25  = $100/yr 
Larding  Barge  Costs 

Asstune  barge  not  required  for  other  purposes  - charter  boats  available 
CR  = ($50,000  - 5,000) (Crf  - 3-1/8  - 15)  + 5,000  (0.0313) 

= $3,956/yr 

Fuel  Cost  $4/hr  + $1  oil 

Maintenance  $3/hr 

Cost/yr  200  x $8/hr  = $l,600/yr 
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EXHIBIT  2 

(cont'd) 

Snettisham  Transmission  Line  - 

Maintenance  of  Roads 

vs  Helicopters 

Outage 

Calculations 

Maintenance  of  line  break  near  Taku 

Inlet 

Descr iption 

Roads 

Helicopter 

min. 

min. 

/ 

Scout  line  and  report 

40 

0 

Load 

30 

10 

(1)  < 

> 

\ Run  to  site 

180 

15 

Clear  snow  move  equipment 

1 mi  60 

0 

(Repair) 

same 

same 

Move  equipment  back 

20 

0 

Load 

10 

10 

Run 

180 

15 

Unload 

30 

10 

Total 

550 

60 

9 hrs  - 10  min 

1 hr 

Duration  of  outage  (1)  = 310  min 

T = 310  - 25  = 285  min 

= 285/60  = 4 hrs  45  min 

Value  of  T (3  $8,610/day 

$8,610  X 4.75/24 


1,700/outage 


Additional  Labor  and  equipment  time  8.16.x$40/hr  330 

2,030 
Use  2,100 
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EXHIBIT  2 (cont'd) 

Snettisham  Transmission  Line  - Maintenance  of  Roads  vs  Helicopters 


Comparative  Costs 

Description  Helicopter 

$/yr 

Road  and  maintenance 

Helicopter,  large  42,560 

Helicopter  Hiller  12E  ($100/hr  for  areas  3,000 
where  there  are  no  roads) 

Cat 

Truck 

Barge 

Additional  transport  time 

(3  men  1 hr/day  (a  $10/hr  for  80  hrs/yr) 

Additional  labor  time  to  move  poles  to 

roadless'  spots  by  winch  (beyond  Hiller  12E 
capacity) 

6 poles/yr  (?  $500/pole 

Subtotal  $45,560 

Additional  cost  for  1 outage  per  year  of  road 

45,560/hr 


Savings  road  over  helicopter 
If  surplus  helicopter  used 
Savings  of  helicopter  over  roads 


660/yr 

14,700 

$29,200/yr 


Road 

$/yr 

22,300 

5.000 

3.400 
2,100 
4,600 

2.400 

3.000 


$42,800 

2,100 

44,900/yr 

loss 

44,900/yr 


EXHIBIT  2 (cont'd) 

Snettlsham  High  and  Low  Line  Comparison 


Data; 


PROSPECT  POINT  TO  CIRCLE  POINT 


Voltage  138kv 
Conductor  26/7  795MCM  ACSR 
Line  Data;  High  Route 

Length,  feet  58,600 

Length,  miles  11.08 

Wood  pole  length,  miles  5.63 

Steel  Tower  length,  miles  * 5.47 

Angle  Structures  37 


Low  Route 
103,650 
19.60 
19.00 


32 


Assumptions: 

Tower  Weights,  12,100  lb  avg 
Footings,  grouted  bars 
Steel  Cost,  $0. 60/lb  erected 

0 & M Cost/mi,  $20,200  PW 


* Steel  towers  used  in  those  areas  above  2000  foot  elevation. 
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EXHIBIT  2 (cont'd) 

Snettisham  High  and  Low  Line  Comparison 


Description  High  Line 

$ 

Towers,  58  x $8,460  491,000 

Insulators,  steel  section  17,320 

Wood  Poles  *,  $21,800  x 5.63  123,000 

$21,800  X 19.60 

Conductor,  wood  section,  $14,200  x 5.63  80,000 

$14,200  X 19.60 

Conductor,  steel  section,  $16,200  x 5.47  88,500 

Clearing,  steel  section  0 

Clearing,  wood  $7,750  x 5.47  43,600 

$7,750  X 19.60 

Losses,  Present  Worth,  $12,300  x 11.08  136,500 

$12,300  X 19.60 

Subtotal  979,920 

0 & M,  Present  Worth  ** 

$20,200  X 11.08  224,000 

$20,200  X 19.60 

Interim  Replacement  **  0.2%  x 25.13  = 5.02 

0.0502  X 676,820  34,000 

0.0502  X 706,000 

Subtotal  1,237,920 


Low  Line 

$ 


428,000 


278,000 


151,700 

242,000 

1,099,700 


396,000 


36,000 

1,531,700 


* Includes  guys,  insulators,  etc. 

**  Same  values  of  steel  as  wood  due  to  adverse  conditions 


EXHIBIT  2 (cont'd) 


Snettisham  High  & Low  Line  Comparison 


Description 

Outage  Value 

(4)(8,610)(25.13) 

(1)(8,610)(25.13) 

GRAND  TOTAL 


Difference  $355,000 


High  Line  Low  Line 


865,000 

$2,103,000 


216,000 

$1,748,000 


Data: 


CHEROKEE  FLATS  TO  THANE 

Voltage  138kv 

Conductor  26/7  795MCM  ACSR 

Miles  HL  - 6.36  LL  - 6.77 


Description; 

* 

Wood  Poles,  $21,800  x 1.5  x 6.36 
$21,800  X 6.77 
Conductor,  $16,200  x 6.36 
$14,200  X 6.77 
Clearing,  $ 7,750  x 6.77 
Losses,  Present  Worth,  $12,300  x 6.36 

$12,300  X 6.77 
0 & M Present  Worth,  $20,200  x 6.36 

$20,200  X 6.77 

* Includes  guys,  insulators,  etc. 


High  Line 

Low  Line 

207,000 

147,000 

103,000 

96,000 

0 

52,300 

78,200 

83,200 

128,000 

137,000 

EXHIBIT  2 (cont'd) 


Snettlsham  High  and  Low  Comparison 


Interim  Replacement 

0.0502  X $310, OOu 

0.0502  X $243,000 

15,000 

12,000 

Subtotal 

531,000 

528,000 

Outage  Value  ** 

216,000 

0 

GRAND  TOTAL 

$747,000 

$528,000 

Difference  $219,000 


♦•VALUE  OF  OUTAGE  IN  POWER  SALES 
Most  Probable  Period; 


Month 

%KWH/mo 

days /mo. 

7./day 

Dec 

9.70 

31 

0.313 

Jan 

8.96 

31 

0.289 

Feb 

8.13 

28 

0.291 

Mar 

8.38 

31 

0.270 

1.163 

0.291/dav 
4 /I. 163 

KWH/day 


ff 
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Computation  of  Formula  for  I R losses  on  conductor  and  cable: 

B ■ average  power 

X ■ some  increment  the  load  curve  varies  from  B 
K ■ some  constant  composed  of  resistance  and  voltage 

which  can  be  multiplied  by  kilowatts  squared  to 
give  losses 

n ■ number  of  records  used 

K'  ■ X/B 


Average  loss 


This  formula  allows  the  use  of  any  load  curve  shape  with  any  base  power 
amount  for  any  voltage.  It  was  computed  for  the  Juneau  load  curve  and 
used  on  the  Snettisham  transmission  computations  and  gave  a figure  of 
approximately  9 percent  Increase  (value  inclosed  in  brackets)  for  the  base 
1% which  is  the  result  of  KB^. 
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EXHIBIT  3 


IN  RCPLY 
RCFCRTO:  OW 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OF  RECLAMATION 

ALASKA  DISTRICT  HEADQUARTERS 
P.  O.  BOX  2507.  JUNEAU.  ALASKA 

November  6,  19^ 


District  Engineer 

U.S.  Army  Engineer  District,  Alaska 
P.O.  Box  7002 
Anchorage,  Alaska  99501 

Re;  NPAEN-PR-R 

Dear  Sir: 


We  are  agreeable  to  your  proceeding  vlth  procurement  of  the  foUoving 
described  vork  boots  for  use  at  the  Snettisham  Project,  as  discussed 
vlth  representatives  of  your  office; 

1 - Landing  Craft  capable  of  ferrying  c line  truck,  D-8 
tractor,  materials  and  associated  personnel. 

1 - Materials  and  Supplies  Boat  of  the  ^ to  50  foou,  20 -knot 
class,  twin  diesel  powered  engines,  ice  resistant  hull,  and 
a seaworthy  design  to  enable  use  in  high  rough  seas. 


As  mutually  agreed,  craft  of  the  above  description  shall  be  procured 
by  the  U.S.  Army  Engineer  District,  Alaska.  They  will  be  used  by 
Corps  of  Engineer  personnel  during  the  design  and  construction  phases 
of  the  project  and  later  turned  over  to  the  Bureau  of  Reclomatioa  for 
operation  and  maintenance  use.  During  the  transition  period  I’roa 
construction  to  operation  of  the  project,  interagency  coordination 
for  Joint  use  of  the  boats  will  be  required. 


The  following  evaluation  of  0 & M costs  for  the  transmission  line 
over  the  high  mountain  pass  route  cocpared  to  the  sea  level  route  are 
submitted  for  cost  comparison  purposes  only: 


High  Pass  Route  (Slocum  Inlet-Mallard  Cove) 

Construction 
Miles  Cost 


Steel  Towers  & Fixtures  5«0 
Wood  Pole  & Fixtures  5.5 


1,260,000 

103,000 


Replacement  0 & M 

$ 649  $2,150 

471  1,210 

$3,360 


$4,480 


Total  QM&R 
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■_  •mx!' 


Sea  Level  Route  (Slocua  Inlet-Mallard  Cove) 

Construction 
Miles  Cost 

Steel  Towers  & Fixtures  0 0 

Wood  Pole  & Fixtures  l8,5  3^/000 

Total  OMScR 


Replacement 
0 

$1,580 

$5,650 


0 & M 
0 

$4,070 


Average  loss  of  revenue  due  to  one  24  hour  outage  “ 

730,000  kwh/day  x $.008/kwh  =«  $5,84o/day 

Line  damages  which  would  require  possibly  one  day  to  repair 
on  the  sea  level  routing  could  require  2 or  more  days  to  repair 
on  the  high-pass  routed  line.  In  addition,  we  estimate  that 
outage  frequency  will  be  at  leaot  double  on  the  high  pass 
route  or  an  outage  ratio  of  4 to  1 for  the  two  routes.  The 
loss  in  revenue  annually,  therefore,  would  be  4 days  x $5,840 
per  day  = $23,360  on  the  high  pass  route.  This  coirpares  to 
the  related  one  day  revenue  outage  loss  of  $5,840  and  the 
oddltional  annual  cost  of  $1,170  for  a total  of  $7,010 

for  one  severe  line  outage  per  year  on  the  sea  level  route. 

The  net  difference  in  OM&R  and  potential  revenue  loss  between 
the  two  routes  is  $16,350  annually,  which  has  a present  worth 
value  of  $460,320  if  paid  annually,  for  fifty  years  at  2.55& 
interest. 


We  trust  that  the  above  evaluation,  together  with  the  information  you 
have  received  from  the  Forest  Service,  will  enable  you  to  complete 
your  study  of  the  relative  economics  of  the  alternative  routes. 

Unfortvinately,  it  is  not  possible  to  place  a monetary  value  on  the 
personal  hardships  and  business  losses  which  will  be  incvirred  in  the 
Greater  Juneau-Douglas  area  if  extended  outages  are  experienced  on 
the  Snettisham  transmission  line.  These  are  very  serious  intangibles, 
however,  and  certainly  favor  the  Sea  Level  Route. 


Sincerely  yours. 


George  N.  Pierce 
District  Manager 


cc;  Chief  Engineer,  Attn:  D24o/d-600 
Commissioner,  Attn:  60O 
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EXHIBIT  3 
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EXPLANATIONS  OF  TABLE  1 


ECONOMIC  ANALYSIS  - OVERHEAD  LINE  SECTION 


(1)  Voltages  were  chosen  from  69kv  to  230kv  to  absolutely  cover  the  entire 
range  of  feasible  voltages, 

(2)  The  current  is  shown  for  each  voltage  at  77MVA  load.  This  load  is  equal 
to  the  69MW  plant  overload  capacity  divided  by  a 0,9  power  factor, 

(3)  Conductors  are  aluminum  cable,  steel  reinforced  Sizes  were  chosen  for 
study  which  were  estimated  to  bracket  the  most  economical  size.  On  the 
138kv,  161kv  and  230kv  tabulations,  the  minimum  size  shown  is  the  mini- 
mum size  which  can  be  used  due  to  corona  loss  limitations, 

(4)  The  current  capacity  of  each  conductor  is  from  Ref  1,  page  50, 

(5)  Conductor  weights  are  for  134  miles  of  single  phase  conductor  and  are 
taken  from  Ref  1,  page  50, 

(6)  Conductor  material  costs  - a price  of  ,38^/ lb  was  used  for  this  study. 
This  is  approximate  catalog  price  plus  freight. 

(7)  Labor  Cost  • CEA  prices  for  556,5MCM  (11  million  lbs)  was  ,69</lb  total 
in  1959  and  1962,  At  ,38^  material  cost^  labor  was  ,31^/ lb  At  Snet- 
tisham,  due  to  the  rougher  terrain,  it  was  assumed  that  stringing  would 
be  a greater  percentage  of  conductor  material  cost  and  stringing  costs 
were  increased  by  approximately  40  percent  over  CEA  prices.  An  esti- 
mating graph,  Figure  5 was  made  to  take  into  account  the  variation  in 
stringing  cost  per  pound  with  changes  in  conductor  size, 

(8)  Cost  of  Structures  - It  was  assumed  that  a steel  tower  section  runs  5.3 
miles  from  the  powerplant  and  wood  pole  H-frame  construction  continues 
from  this  point  into  Juneau,  except  for  the  2.7  mile  submarine  cable 
crossing,  making  39.3  miles  of  wood  pole  line  The  weights  of  standard 
steel  towers  used  on  the  coast  were  used  to  arrive  at  the  following 
tons  per  mile.  The  installed  cost  of  towers  on  the  west  coast  has  been 
around  25  to  30  cents  per  pound  and  one  job  by  Chugach  Electric  Associ- 
ation in  Anchorage,  in  1962  with  9 special  towers,  cost  81  cents  per 
pound.  Since  we  will  have  about  37  towers,  more  or  less  standard,  an 
installed  price  of  50  cents  per  pound  has  been  used. 


Tons/Mile 

Cost 

69kv 

26 

$138,000 

115kv 

2b 

148.000 

138kv 

29 

154,000 

161kv 

30 

159,000 

230kv 

32 

170,000 

TABLE  1 EXPLANATIONS 


In  addition  to  the  steel  erection  costs,  a figure  of  $1,.2U0  per  struc- 
ture for  tower  footings  has  been  added„  For  3"^  structures-  this  adds 
a cost  of  $45,000,  It  is  expected  that  a large  percentage  of  the 
footings  can  be  reinforcing  bars  grouted  into  drilled  holes  in  the 
rock.  Where  rock  is  not  near  the  surface,  a dug  hole  with  a steel 
plate  type  footing  will  be  used,  A profile  along  10  miles  of  the  route 
of  the  wood  pole  line  was  roughed  out  using  the  contours  as  shown  on 
Plate  5,  Structures  were  spotted  and  conductor  was  drawn  in  using  a 
sag  teiqplate  for  705MCM  ACSR  and  ground  clearances  specified  by  the 
U,  S,  Bureau  of  Reclamation,  A takeoff  was  then  made  of  the  heights 
and  types  of  structures  required  for  all  voltages,  taking  into  account 
different  ground  clearances,  lengths  of  insulator  strings  and  depths  of 
pole  settings.  The  cost  for  each  type  and  height  of  structures  was  es- 
timated by  escalating  by  9 percent  the  prices  paid  by  Chugach  Electric 
Association  in  1962  on  their  liSkv  line.  The  costs  of  the  other  volt- 
age lines  were  adjusted  by  the  installed  cost  differences  for  crossarms, 
X-braces,  and  insulator  strings,  U,  S,  Bureau  of  Reclamation  standard 
iiS  suspension  structures  on  tangent  sections  and  three-pole  dead-end 
structures  at  all  turn  points  were  assumed, 

(9)  Clearing  Costs  - Clearing  cost  data  was  taken  from  the  llSkv  line  of 
Chugach  Electric  Association  built  in  1962-  Their  clearing  cost  was 
$425  00  per  acre  in  the  most  densely  wooded  areas,  Snettisham  clearing 
costs  are  estimated  at  50  percent  more  tiian  this  because  of  the  less 
accessible  terrain.  The  clearing  widths  assumed  are  80  ft  for  69kv, 

100  ft  for  115kv  and  138kv,  110  ft  for  161kv  and  125  ft  for  230kv, 

Also,  since  there  are  numerous  rocky  areas,  canyons  and  water  cros- 
sings where  clearing  is  not  required,  the  total  length  is  assumed  as 
40  miles  for  calculating  acreage, 

(10)  Total  Construction  Costs  - The  total  construction  costs  arc  the  sum  of 
Columns  6,  7,  8 and  9,  These  costs  are  estimated  for  relative  compari- 
son of  different  schemes  and  should  not  be  considered  as  detailed  cost 
estimates, 

(11)  - (14)  Present  Worth  of  Losses  - Losses  during  first  13  years  when 

water  is  spilled  have  no  value.  After  the  13th  year  with  331  million 
kilowatt-hour  per  year  delivery,  average  kva  is  42,000  at  0,9  P,F,  and 
i2r  losses  are  based  on  this  kva  with  the  effect  of  charging  current. 
These  losses  have  been  calculated  for  each  of  loading  assumptions  A, 

B,  C and  U,  Under  assumption  A,  no  load  growth  after  14th  year,  the 
sum  of  the  value  of  the  losses  for  37  years  is  21,75  times  the  yearly 
losses.  Under  assumptions  B,  C and  I),  the  present  worth  is  the  sum  of 
the  products  of  two  diverging  series,  Tlie  losses  are  increasing  as 
the  square  of  the  current  and  the  present  worth  value  of  the  losses  is 
declining,  as  they  occur  further  and  further  in  the  future.  Under  any 
of  these  assumptions  only  a multiplying  factor  is  necessary  to  convert 
the  losses  from  assumption  A Tlie  formuia  for  calculating  present 
worth  loss  factor  Ks  is  as  follows 
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B 


.1  ♦ r)- 

1 + 1 


where  r = rate  of  load  growth 

i a interest  rate,  in  this  case  3^1/ 8% 
n = niinber  of  years  in  series 

The  loss  factors  for  the  different  assumptions  are  as  follows, 


Ratio  of  PW's 


21,75 

64,60 


Present  Worth  of  Interim  Replacements  - The  Federal  Power  Commission 
Technical  Memorandum  No.  1,  "Instructions  for  tstimating  I-lectric  Power 
Costs  and  Values,"  dated  April  1,  1960  recommends  interim  replacement 
factors  of  0,20%  for  wood  pole  transmission  lines  and  0,10%  for  steel 
tower  lines.  A .20%  factor  has  been  assumed  on  this  line  to  give  an 
additional  allowance  for  more  severe  condition  at  Snettisham,  Clear- 
ing costs  are  not  included  in  the  line  costs. 

Present  Worth  of  0 S M Costs  - These  costs  can  vary  considerably  depend- 
ing upon  the  method  of  transportation  utilized  for  moving  men  and  equip- 
ment. If  a newp  large  helicopter  is  purchased  for  $350,000,  the  yearly 
cost  is  estimated  at  $21,280  for  helicopter  debt  service  and  operation, 
$3,000  for  renting  a small  copter,  $1,000  for  spraying,  $1,000  for  mate- 
rials a.ia  .>10,000  for  labor,  making  a yearly  cost  of  $36,280,  say  $36,000, 
This  f.lgure  assumes  that  half  the  cost  of  the  large  copter  is  charged 
against  investigations.  If  a used  large  helicopter  is  procured  and  re- 
conditioned for  $50,000,  the  total  yearly  cost  falls  to  approximately 
$23,000,  If  roads  are  built  where  economically  feasible,  a small  copter 
used  for  wintertime  patrolling  and  a large  copter  flown  in  for  any  heavy 
lifting  for  emergencies  in  inaccessible  areas,  the  yearly  cost  becomes 
$22,300  for  road  debt  service  and  maintenance,  $5,000  for  small  helicop- 
ter rental,  $2,000  for  spraying,  $1,000  for  materials,  $10,000  for 
ground  equipment  debt  service  and  operation-  and  $12,000  for  labor 
making  a total  of  $52,300,  say  $52,000,  Debt  service  and  maintenance 
for  roads  is  included  in  this  calculation  since  it  appears  quite  pro- 
bable that  this  line  could  be  built  by  helicopter  without  any  appreciable 
roads.  Since  the  roads  would  then  be  built  solely  for  0 5 M,  their 
capital  recovery  and  maintenance  costs  can  properly  be  charged  to  tftis 
account.  For  the  purpose  of  this  study,  a small  variation  in  cost  was 
assumed  for  different  voltages  to  reflect  differences  in  material, 
labor  and  spraying  costs  The  yearly  costs  assumed  are  for  operation 
with  a new  large  copter  as  follows. 
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Voltage  Ckv) 


Cost/year 


faO 

534,000 

115 

35,000 

138 

36,000 

161 

37,000 

230 

38,000 

(17)  - (20)  Total  Present  Worth  - These  columns  represent  the  comparative 
50-year  costs  of  the  different  voltages  and  conductors  under  eacii  of 
the  four  loading  assumptions. 
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EXPLANATION  OF  TABLE  2 


ECONOMIC  ANALYSIS  SUBSTATIONS 


Prices  on  substation  equipment  were  obtained  from  manufacturers  cata- 
logs and  manufacturers  representatives.  Current  prices  on  complete  switch- 
yard bays  at  different  voltages  were  obtained  from  the  Estimating  Section 
of  the  Denver  office  of  the  Bureau  of  Reclamation,  This  tabulation  is  not 
a detailed  cost  estimate  but  primarily  a comparison  study  with  items  being 
included  which  change  in  cost  with  changes  in  voltage.  The  following  para- 
graph numbers  correspond  to  the  line  numbers  on  the  table: 

JLNEAU  SUBSTATION; 

(1)  Four  69kv  Bays  with  OCB*s  - Four  bays  are  required  only  for  the  case 
where  incoming  line  is  69kv  since  a bay  will  be  required  for  the  incom- 
ing line.  The  Bureau's  figure  of  $64,000  per  bay  has  been  escalated 

25  percent  for  Alaskan  conditions,  10  percent  for  overhead,  5 percent 
for  freight  and  10  percent  for  contingencies,  for  a total  of  50  percent. 

(2)  Three  69kv  Bays  with  OCB's  - At  llSkv  and  above,  the  incoming  line 
would  initially  be  run  directly  to  the  step  down  transformer  as  shown 
on  Figure  2,  "Switching  Diagram,"  This,  then  requires  only  three  OCB 
bays.  These  figures  are  Bureau  estimates  escalated  by  50  percent, 

(3)  One  69kv  Bay  with  one  disconnect  - This  transfer  bay  is  required  in  all 
schemes  to  allow  switching  of  load  from  main  bus  to  transfer  bus  for 
maintenance  purposes.  Cost  of  OCB  and  two  disconnect  switches  was  de- 
ducted from  above  full  bay  prices  and  50  percent  added  to  arrive  at 
these  figures, 

(4)  One  disconnect  switch  with  grounding  blade  - This  switch  is  required 
only  on  schemes  above  69kv,  The  figures  include  escalated  cost  of  the 
switch  plus  $10,000  to  cover  cost  of  switch  supporting  structure  and 
foundation. 

(5)  Three  23kv  Bays  with  OCB's  = The  Bureau's  figure  of  $39,000  per  bay  has 
been  escalated  by  50  percent, 

(6)  One  23kv  Bay  with  one  disconnect  - Catalog  cost  of  one  OCB  and  two  dis- 
connect switches  has  been  deducted  from  the  Bureau’s  figure  of  $39,000 
and  remainder  escalated  by  50  percent, 

(7)  One  69-23kv  Transformer  - This  9/12/15MVA  transformer  would  be  required 
only  in  the  case  where  transmission  line  is  69kVo  Catalog  price  of 
$46,000  includes  200kv  low  side  BIL,  western  zone  delivery,  bushing 
current  transformers,  lightning  arresters  and  extra  creep  bushings. 
Transformer  price  is  escalated  30  percent  for  freight,  overhead  and 
contingencies  and  $10,000  added  for  installation. 
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C8)  Transformer,  24/32/40MVA  - These  prices  wore  taken  from  manufacturer's 
catalogs  including  the  features  in  7 above.  The  transformer  price  is 
escalated  30  percent  also  and  $10,000  added  for  installation.  The  IIS 
and  138kv  schemes  are  priced  with  autotransformers, 

(9)  Building,  Control  Equipment,  etc,  - A 40  by  100  foot  building  is 

assumed  to  allow  space  for  a control  room,  office,  warehouse  and  gar- 
age areas.  At  $15  per  square  foot  this  is  $60,000,  An  eight  panel 
control  board  is  $40,000  in  purchase  price.  Accessory  equipment,  such 
as  station  transformers,  battery,  AC  and  DC  boards,  etc,  are  estimated 
at  $30,000,  Labor  on  installation  of  control  boards,  battery  and  power 
boards,  etc,  is  estimated  at  $25,000, 

(10)  Utilities  and  Improvement  - Tlie  cost  of  fencing,  grading,  utilities, 
etc.  is  estimated  at  $40,000, 

(11)  Cables,  Conduits  and  Miscellaneous  - This  item  covers  cost  of  minor 
conduit  and  cable  work  and  miscellaneous  items  not  covered  in  9 above. 

(12)  Juneau  Substation  Total  - Tliis  is  the  substation  cost  with  the  use  of 
autotransformers  on  115  and  138kv, 


SNErriSilAM  SWITCHYARD; 

(13)  Two  Transformers-26MVA  - These  transformer  prices  are  from  manufac- 
turer's catalogs  and  include  bushing  CT's,  high  side  lightning  arrest- 
ers, western  zone  delivery  and  extra  creep  high  side  bushings.  The 
figure  in  this  line  includes  30  percent  escalation  plus  $5,000  each 
for  handling  to  site, 

(14)  Two  Disconnect  Switches  - These  figures  include  the  catalog  prices  of 
the  switches  escalated  by  100  percent, 

(15)  Switch  and  Takeoff  Structure  ' Tiiese  figures  cover  cost  of  steel  switch 
support  and  line  takeoff  structures, 

(16)  Labor,  Overhead,  Contingencies,  Profit  - These  figures  cover  costs  of 
above  items,  including  $10,000  for  installation  of  each  transformer. 

No  items  on  low  voltage  side  of  the  transformers  are  included, 

(17)  Cable,  Cmduit,  Miscellaneous  - These  figures  include  high  side  bussing, 
connections  to  CT's  and  all  control,  indication,  protection  and  annun- 
ciation required  for  the  transformers, 

(18)  Snettisham  Switchyard  Total  • These  are  total  comarative  costs  of  the 
switchyard, 

(19)  Second  Juneau  Transformer  - It  is  assumed  that  the  second  transformer 
will  be  required  on  the  69kv  scheme,  On  the  115  to  230kv  plans,  the 
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second  transformer  is  assumed  to  be  paralleled  with  the  first  trans- 
former and  disconnect  switches  only  provided  for  isolating  purposes 
to  keep  down  costs.  In. addition  to  transformer  and  disconnect  switch 
costs,  $10,000  has  been  added  for  the  control,  relaying  and  metering 
installation. 

(20)  Present  North  of  2nd  Transformer  - This  is  the  above  figure  present 
worthed  to  1069. 

(21)  Crater  Lake  Switchyard  Addition  - It  is  assumed  that  the  third  unit 
will  be  added  in  1980,  the  two  year  delay  being  possible  by  using  ex- 
isting ci^>acity  in  Juneau,  and  the  fact  that  camp  and  station  loads  do 
not  go  through  the  transformers,  the  power  factor  will  be  near  unity 
and  peak  loads  occur  when  the  ambient  tenq)erature  is  low.  The  figures 
are  50  percent  of  the  cost  of  the  initial  two  unit  installation. 

(22)  Present  Worth  of  Crater  Lake  Addition  - This  figure  is  the  above  fig- 
ure present  worthed  to  1969. 

(23)  Present  Worth  Total  - This  is  the  sum  of  the  Juneau  Substation,  Snet- 
tisham  Switchyard  and  present  worth  costs  of  the  second  Juneau  Trans- 
former and  the  Crater  Lake  Switchyard  addition. 
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(21}  Crater  Lake  Switchyard  Addition  • 1980  114,000  130,000  134,000  144,000  181,000 

(22)  Present  Worth  - Switchyard  Addition  81,000  93,000  96,000  103.000 129,000 

(23)  PRESENT  WORTH  TOTAL  $1,329,800  $1,315,200  333,600  $1,479,600  ^1,611,000 
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3A  or  3AB  STRUCTURE  COSTS 

3AB  or  3A  Structures  - Single  Insulator  String 
j All  Costs  - $1,000 

I 

( 

I 

Pole 


Length 

Class 

Poles 

No. 

Strct 

Cost/ 

Strct 

$ 

Hdw 

+ 

Labor 

$ 

Pole 

Hdw 

Total 

$ 

Excav 

+ 

Bckfl 

$ 

Excav 

Total 

$ 

Poles 

$ 

Poles 

Total 

$ 

Setting 

$ 

Setting 

Total 

$ 

Guys 

$ 

Guys 

Total 

$ 

55-1 

16 

4.303 

.200 

3.2 

.483 

7.73 

.447 

7.16 

.180 

2.88 

1.200 

19.20 

60-1 

8 

4.533 

.210 

1.68 

.594 

4.74 

.516 

4.12 

.180 

1.44 

1.230 

9.83 

65-1 

8 

4.743 

.210 

1.68 

.687 

5.49 

.603 

4.82 

.210 

1.68 

1.230 

9.83 

85-1 

4 

6.343 

.230 

0.92 

1.569 

6.27 

1.101 

4.43 

.330 

1.32 

1.290 

5.16 

3AB 

or  3A 

Structures  - Double  Insulator  Strings 

70-1 

4 

5.466 

.220 

0.88 

.855 

3.42 

.705 

2.82 

.240 

0.96 

1.260 

5.03 

75-1 

4 

5.827 

.220 

0.88 

1.058 

4.23 

.833 

3.33 

.270 

1.08 

1.260 

5.03 

TOTALS 

44 

$1.76 

$7.65 

$6.15 

$2.04 

$10.06 

TABLE  4 

3T  STRUCTURE  COSTS 

3T  Structure  - Single  Insulator  String 
All  Costs  - $1,000  I 


Cost/ 

Strot 

Pole 

Hdw 

+ 

Labor 

Pole 

Hdw 

Total 

XArms 

Labor 

+ 

Mat’l 

JCArms 

Total 

Excav 

+ 

Bckfl 

Excav 

Total 

Poles 

Poles 

Total 

Settings 

Sttn 

Tota 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

5.123 

.216 

.86 

.370 

1.48 

.410 

1.64 

.371 

1.48 

.150 

.6 

5.302 

.216 

.86 

.370 

1.48 

.483 

1.93 

.447 

1.79 

.180 

.7 

6.612 

.226 

2.72 

.380 

4.56 

.795 

9.55 

.705 

8.46 

.240 

2.81 

7.071 

.336 

2.68 

.380 

3.04 

.855 

6.83 

.705 

5.63 

.240 

1.92 

TOTALS 


3T  Structure  - Double  Insulator  Str 


7.83  1.155  4.61  .360 

8 $21.9 


r 


¥ 


INS 


XBrace 

$ 

XBrce 

Total 

$ 

SGuys 

$ 

SGuys 

Total 

$ 

Anch 

$ 

Anch 

Total 

$ 

INS 

$ 

INS 

Total 

$ 

Hdw 

+ 

Lab 

$ 

INS 

Hdw 

Total 

$ 

.290 

1.16 

.880 

3.52 

1.400 

5.6 

.610 

2.44 

.426 

1.7 

.290 

1.16 

.880 

3.52 

1.400 

5.6 

.610 

2.44 

.426 

1.7 

.290 

3.48 

.920 

11.05 

1.400 

16.8 

.610 

7.32 

.446 

5.35 

Dbl 

Guys 

DGuy 

Total 

.290 

2.32 

1.260 

10.01 

1.400 

11.2 

.953 

7.62 

.652 

5.21 

.580 

2.32 

1.320 

5.28 

1.400 

5.6 

.953 

3.81 

.652 

2.61 

$10.44 

$33.38 

$44.80 

$23.63 

$16.57 

GRANT  TOTAL  $206,790 
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TABLE  5 


Length 

Class 

No. 

Strct 

Cost/ 

Strct 

$ 

Poles 
Hdw  & 
Labor 
$ 

Xarms 

Labor 

+ 

Mat'  1 
$ 

45-1 

35 

1.520 

5.95 

.217 

50-1 

20 

1.580 

3.4 

.217 

55-1 

47 

1.700 

8.00 

.217 

60-1 

75 

1.850 

12.75 

.227 

65-1 

35 

1.990 

5.95 

.227 

70-1 

24 

2.220 

4.08 

.237 

75-1 

16 

2.600 

2.72 

.237 

85-1 

8 

3.190 

1.36 

.247 

90-1 

4 

3.520 

0.68 

.257 

TOTALS 

264 

$44.89 

HS  STRUCTURE  COSTS 

all  costs  $1,000 


Xarms 

Total 

$ 

Excav 

Bckfl 

$ 

Excav 

Total 

$ 

Poles 

$ 

Poles 

Total 

$ 

7.6 

.259 

9.08 

.205 

7.05 

4.34 

.273 

5.46 

.245 

4.90 

10.20 

.321 

15.1 

.298 

14.0 

17.00 

.396 

29.6 

.344 

25.8 

7.93 

.458 

16.0 

.402 

14.1 

5.69 

.530 

12.7 

.470 

11.3 

3.79 

.705 

11.25 

.555 

8.88 

1.97 

1.046 

8.37 

.734 

5.87 

1.03 

1.290 

5.16 

.770 

3.08 

$59.55 

$112.72 

$94.98 

1 


Set! 

i 

.] 


.1 

i 

.] 

.] 

A 

.1 

\ 

.i 


I 


I 


T 

i 


Settings 

Total 

$ 

XBraces 

$ 

XBraces 

Total 

$ 

INS 

$ 

INS 

Total 

$ 

3.50 

.145 

5.07 

.426 

14.9 

2.0 

.145 

2.9 

.426 

8.52 

5.63 

.145 

6.81 

.426 

20.00 

9.0 

.145 

10.85 

.436 

32.70 

4.9 

.145 

5.07 

.436 

15.30 

3.84 

.145 

3.48 

.446 

10.70 

2.88 

.290 

4. 64 

.446 

7.14 

1.76 

.290 

2.32 

.456 

3.65 

0.96 

.290 

1.16 

.466 

1.78 

$34.47 

$42.30 

$114.69 

GRAND  TOTAL  = $503,600 
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LXPLAN Allow  OF  TAULL  0 


liCOWOMIC  ANALYSIS  • SUliMAlUNL  CAULL 


The  following  numbered  paragraphs  correspond  with  the  column  numoers 

in  the  table. 

Cl)  Voltage  - Only  115,  138  and  Iblkv  cables  were  chosen  for  study.  Since 
the  present  worth  cost  of  the  cheapest  &9kv  overhead  conductor  was 
approximately  one  million  dollars  more  than  the  higher  voltages  under 
loading  assumption  A,  no  furtner  consideration  was  given  to  this  volt- 
age. TTie  230kv  cable  was  also  excluded  because  the  excessive  charging 
current  would  require  investment  in  reactive  control  equipment  and  the 
230kv  cable  material  cost  would  be  at  least  $250,000  more  than  the 
lower  voltage  cables 

(2)  Armor  - Cable  armor  types  selected  for  this  study  were  No,  4 AIVG  alu- 
minum alloy  and  No.  4 and  No.  6 BWG  steel  wire, 

(3)  Conductor  Size  • Minimum  conductor  sizes  were  selected  to  carry  77MVA 
or  more, 

(4)  Material  Cost  - Cable  and  accessory  terminal  equipment  costs  were  re- 
ceived from  Phelps-Uodge  Copper  Products  Corp,  for  115  and  138kv, 
Prices  on  the  cable  only  were  also  received  from  them  for  161  and 
230kv  cable.  The  figures  in  this  column  include  the  cable  and  termi- 
nal equipment  costs,  $30,000  for  freight  to  Juneau,  $0,25  per  foot  for 
substituting  plastic  bedding  in  place  of  jute,  and  construction  mate- 
rial costs  for  each  terminal  as  follows; 

115kv  = $20,000 

138kv  = $22,000 

161kv  = = $25,000 

The  terminal  price  estimates  include  precast  concrete  cable  trenches, 
an  enclosing  building  for  the  potheads  to  protect  them  from  salt  water 
spray,  piping  and  a transmission  line  takeoff  structure,  either  inte- 
gral with  the  building  or  separate- 

(5)  Labor  Cost  - The  labor  cost  estimate  for  constructing  the  terminals, 
splicing  the  cable,  laying  and  testing  is  as  follows; 


a.  Splicing  cable  and  rereeling  $ 40,000 

b.  Reinforcing  barge  deck,  etc,  5,000 

c.  Barge  rental,  1 month  = — 4,000 

d.  Tug  rental  from  Seattle,  500  U,P, , 1 month  20,000 

e.  Rental  for  4 tugs,  from  Juneau,  2 weeks  25.000 

f.  Contractor's  labor,  assume  10  men  from  outside 

for  25  days  @ $100/man-day  — 25,000 


TABLE  6 EXPLANATIONS 


g.  Local  labor,  assume  20  men  for  10  days 

(a  $75/man-day $ 15,000 

h.  Additional  labor  on  two  terminals  26.000 

total  $ 160,000 


Above  tug  and  barge  costs  are  based  on  estimates  received  from  the  Alaska 

Tug  and  Barge  Company  on  24  September  1965. 

(6)  Initial  Cost  - This  is  the  sum  of  columns  4 and  5. 

(7)  Yearly  Cost  - 30-Year  Life  - The  cable  is  assumed  to  have  a life  of  30 
years  and  the  figures  in  this  column  represent  the  yearly  capital  re- 
covery cost. 

(8)  Present  Worth  on  50-Year  Life  - In  order  to  compare  all  costs  in  this 
study  on  a uniform  basis,  the  yearly  costs  in  Column  7 have  been  con- 
verted to  a 50-year  present  worth  figure. 

(9)  Losses  per  year-KWH  - The  cable  losses  per  foot  are  shown  in  Table  7, 
"Submarine  Cable  Loss  Tabulation."  The  figures  in  this  column  include 
all  losses  on  the  three  cables  which  are  in  active  use  plus  the  insula- 
tion loss  only  on  the  spare  cable,  which  is  assumed  to  be  continuously 
energized.  These  losses  are  based  on  assumption  A. 

(10)  Losses  per  year  ($1,000)  - These  dollar  figures  are  the  value  of  the 
above  KWH  losses  at  9 mills  per  KWH. 

(11)  Present  Worth  of  Losses  ($1,000)  - These  figures  are  the  present  worth 
of  losses  for  50  years  with  the  first  13  years  being  of  no  value. 

(12)  Total  Present  Worth  of  Installation  ($1,000)  - These  figures  are  the 
sums  of  columns  8 and  11. 
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> 

Losses 

per 

Year 

(NMli) 

Losses 

per 

Year 

51,000 

P.4I. 

of 

Losses 

$1,000 

Total 

P.W. 

of 

Installtn 
$1 ,000 

u) 

HTi 

(111 

(lir 

2,387 

23.3 

340 

1004 

1,887 

17.0 

248 

1148 

1,353 

12.2 

178 

1188 

1 ,005 

14.4 

210 

1200 

1,587 

14.3 

208 

1012 

1,324 

11.0 

173 

1138 

1,242 

11.2 

lo3 

1173 

1.481 

13.3 

104 

1120 

1,360 

12.3 

170 

1050 

1,204 

10.8 

157 

126  7 

1,122 

10. 1 

147 

130  5 

1,008 

0.0 

144 

134  2 
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EXP LAM  ATI  ON  OF  TAELE  7 


SUBMARINE  CABLE  LOSS  TABULATION 


Following  constants  and  formulas  were  used  in  calculating  submarine 
cable  losses.  All  losses  were  calculated  based  on  loading  assumption  A. 
Losses  on  loading  assunqptions  B„  C and  D can  be  quickly  approximated  by 
using  the  multiplying  factors  developed  in  the  overhead  section  analysis s 

Resistances  (ohms  per  circular  mil  foot) 

Copper  (100  percent  I ACS)  10,371 

Alumincsj  (61  percent  IACS)“  - - 17.0 

Aluminum  Alloy  #5052  (est,  35  percent  lACS)  - - - 29,6 

Lead  (7,84  percent  lACS)  132,3 

Steel  (11,04  percent  lACS)-  93.8 

#4  AWG  = 41.740  CM,.  0,D,  = 0,204" 

#4/0  AWG  = 211.000  CM, 

#6  BWG  = 36,864  CM,.  0,U.  = 0,192" 

#4BWG  = 53,824  CM,,  0,0.  = 0.232" 


Loss  formulas,  watts  per  foot  and  nomenclature  from  Reference  2 


Conductor  Loss  < W^. 

W.,  = Ave,  I^  X 1,09  X Rc 

r . TO^  , 

where  R^.  = Conductor  AC  resistance, 
and  I s current  in  amperes 


ohms/cm, ft , 


Insulation  Loss  - W,^ 


Wd  = 0.00270  E^ 

i^gTo”^' 

Dc 

where  E = 

r = 

Cos  = 

T 


rCos 


voltage,  line  to  ground,  kv 
insulation  specific  capacitance 
insulation  P.F, , = 0,000 

insulation  thickness,  indies 
conductor  0,L).,  inches 


3 5 


Sheath  and  Armor  Loss  Wga 

W-a  l2  X 1,09  X Rea 

ave 

where  Rg^  is  sheath  and  armor  parallel  resistance,  ohms/cm. ft. 
losses  divide  inversely  proportional  to  resistance. 

Armor  A. C,  resistance  assumed  50  percent  more  than  R^^  including 
4 percent  cable  lay  addition. 
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Cu., 

UuL TOR 

1 ISOLATI  J.« 

S.il.AiM 

Volts 

Avy. 

Size 

o.u. 

kcs. 

Losses 

TH. 

U.U. 

Losses 

Til. 

1 . 0. 

u.n. 

Aiv.i 

lies. 

La 

c;urr 

Wg 

'\1 

M-yi  { 

K 

(kv) 

(amps) 

CMC.M) 

(ill.) 

M^/ft. 

(w/ft) 

(ill. 

) 

(w/ft) 

(i“.) 

(ii». ) 

li».)  (..Iioi) 

(») 

115 

200 

4/0 

. 800 

40.0 

2.34 

, 455 

l.o7 

.80 

. 120 

1 . i,  8 

1.02 

870 

153.2 

1. 

115 

200 

4/0 

. 800 

4J.0 

2.54 

,435 

1.07 

. 8o 

. 120 

l.(>8 

1.02 

?\) 

!.»  .»,  Z 

115 

200 

450 

• '-)  o 

23.5 

1.00 

. 4 35 

1.85 

1.00 

. u:. 

1.8(, 

2.  1 1 

1 ) 11 

1 • * 

115 

200 

1000 

1.308 

10.4 

.48 

. 4 33 

2.  18 

1.24 

. 1 30 

2.10 

2.  i:. 

1.’ ).) 

111.1 

158 

108 

250 

. ^55 

42.3 

1.  50 

« .>  J J 

1 • o4  o 

1.07 

. 12., 

1 . 85 

2.  10 

loo.) 

i * J • t 

138 

10  S 

250 

.335 

42.3 

1. 30 

. 505 

1.843 

1.07 

. 125 

1 • o.> 

2.1) 

1)0  ) 

1 > . ’ • * 

138 

los 

5j0 

.JOo 

3o.  3 

.033 

• .)Uj 

1.0  lo 

1.22 

. 12j 

1.02 

2.  1/ 

1 )2  ) 

1 ',  ).o 

138 

loS 

53  J 

1.043 

13.0 

.581 

• ^ J3 

2 . J 5 8 

1.25 

• 1 5J 

2.07 

2.  . , 

111) 

1 h,.  ) 

U.l 

143 

250 

. 833 

42.5 

.045 

. 300 

2.013 

1.51 

. 12., 

2 . 02 

'.2/ 

1 )00 

12  1.  ) 

Ibl 

143 

250 

. 333 

42.5 

. 045 

.500 

2. 013 

1.31 

• iZo 

2.02 

2.27 

1 )0  ) 

12),  ) 

lol 

145 

350 

. ooo 

30.3 

. (j  7o 

.500 

2 . 08o 

1 . 3j 

. 1 >J 

2.00 

J • J.l 

11.) 

11..) 

lol 

143 

450 

.03 

2 3.5 

.324 

.300 

2.100 

l.lo 

. 130 

2.  17 

2.43 

11 J 1 

111.) 

■ 

■ VlwlOit 

TOTAL 

1 

Mat 

Site 

lii'iG 

or 

AWG 

Ao. 

of 

.tiros 

Total 

Area 

C.ic-i) 

lies. 

w-^ft 

Loss 

Cw/ft) 

Loss 

(w/ftj 

SI 

b 

30 

1107 

127 

1.76 

0 .020 

8 

M 

■1 

jJ 

12oJ 

33.5 

1.077 

4.733 

3 

AL 

! 

5.> 

1 k’., 

30.  \ 

.032 

3.233 

0 

. 

SI 

■1 

33 

1777 

7j.J 

1.23 

3.  SoO 

' 

1 

1 

4 

33 

1770 

70.3 

.955 

3.896 

i7 

AL 

4 

35 

1 5o..' 

3J.  2 

. o43 

3.172 

8 

\i. 

4 

3u 

loJ4 

20. 0 

.003 

2.80O 

1 

J i 

L 

3o 

13  jo 

lOo 

.0  32 

3, 3 34 

^ r 

4 

3o 

2040 

68.  7 

.023 

3.232 

AL 

4 

3i> 

io  JO 

27.0 

,412 

2.7u2 

0 

AL 

4 

40 

lo7u 

2o.  j 

. 3S0 

2.333 

AL 

4 

42 

1733 

2 j . 3 

. 374, 

2.443 
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MEMORANDUM  NO.  7 APPENDIX  B RGURE  I 


L J 


TO  ALAS.  ELECT.  LT  a PWR. 


UTURE  138  KV.  SWYD. 


23  KV.j  TRANSFER  BUS 
TO  ALAS.  ELECT.  LT.  a PWR. 


SNETTISHAM  PROJECT 
FIRST  STAGE  DEVELOPMENT 

JUNEAU  SUBSTATION 
SWITCHING  DIAGRAM 

U.  S.  ARMY  ENOINEER  DISTRICT,  ALASKA 
Plonnlnt  onJ  R«porH  Bmek 

5 


DESIGN  MEMORANCXJM  NO  7 APPENDIX  B FIGURE  2 


I 


LABOR  COST  - CENT  PER  POUND 


CORPS  OF  ENGINEERS 


U.S.  ARMY 


I 


I 900 


1000 


1100 


SNETTISHAM  PROJECT 
FIRST  STAGE  DEVELOPMENT 

CONDUCTOR  LABOR 
COST  ESTIMATE 

U.S.  ARMY  ENGINEER  DISTRICT,  ALASKA 
Planning  and  Raport*  Branch 
Praporod  by  T.L. 'Dot#  II  OCT 65 

MEMORANDUM  NO.  7 APPENDIX  B FIGURES 


J 


COtfS  OF  CNOiNEEtS 


DESKN  MEMORANDUM  NO.  7 APPENDIX 


PLATE  2 


a:-. 

V:  N ''■'V 


U a ARMY  ENGINCKR  DIRTRICT.  ALASKA 

CO*^  Of  INOINCBM 


SNETTISHAM  PROJECT.  ALASKA 


FIRST  STAGE  DEVELOPMENT 


TRANSMISSION  UNE  LOCATION 


U S.  ARMY  ENGINEIR  DISTRICT.  ALASKA 


SNCTTISHAM  PROJECT,  ALASKA 
FIRST  STAGE  DEVELOPMENT 
TRANSMISSON  UNE  LOCATION 


DESIGN  MEMORANDUM  NO.  7 APPENDIX  B PLATE  3 


*tTEWATiy5"',W(l 


DESIGN  MEMORANDUM  NO.  7 APPENDIX  B PLATE  4 


U.8.  ARMY  ENGINEER  DISTRICT.  ALASKA 
com^  or  BNaiNUM 

cmiHB 

I A • TL 

5NETTISHAM  PROJECT.  ALASKA 

BMt' 

cmIckc» 

HA 

FIRST  STAOC  DEVELOPMENT 

HCMMU- 

lA 

TRANSMISSION  UNE  LOCATION 

SNETTISHAM  PnOJECT,  ALASKA 
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NPDEN-GS-L  (65-P-81)  19  August  1965 

SUBJECT;  Petrographic  Analysis  of  Snettlsham  Project  Natural  Aggregates 


TO;  District  Engineer 

U . S . Army  Engineer  District , Alaska 
ATTN;  NPAEN-FM-G 


1.  Reference  Is  made  to; 

a.  Your  Disposition  Form  dated  19  May  1965  requesting  petrographic 
tests  on  natural  aggregates  from  Long  Lake,  Glacier  Creek  and  Crater  Creek 
test  pit  sources. 

b.  Telephone  conversation  your  Mr.  Dixon  and  our  Mr.  Higgs  on 

4 August  1965  wherein  It  was  agreed  that  only  3/4"-#4  and  sand  nominal  sizes 
of  all  samples  be  tested  because  of  Insufficient  amounts  of  plus  3/4" 
materials . 

2.  Inclosed  and  completing  all  work  requested  by  above  reference  la 
Is  petrographic  report  containing  test  results  on  five  test  pit  samples 
from  Glacier  Creek,  Crater  Creek  and  Long  Lake  sources. 


2 Incl  (In  dupe) 

1.  Petro  Rpt 

2.  Tabulations  (I  and  II) 
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1.  Samples  and  Tests 


Natural  sand  and  gravel  material  from  test  pit  excavations  TP-64  near  Long 
Lake,  TP-58  and  TP-63  near  Glacier  Greek,  and  TP-33  and  TP-34  near  Crater  Creek 
were  quartered,  prescreened  Into  separate  screen  sizes,  and  then  samples  from 
the  separated  screen  fractions  were  tagged  in  small  bags  that  were  placed  by 
test  pit  designation  in  five  large  sack  samples  and  shipped  to  NPD  Materials 
Laboratory  for  a brief  petrographic  examination  (P-A-16),  Although  gravel  sizes 
up  to  four  inch  were  present  in  samples  submitted,  examination  of  material  from 
each  of  the  five  pit  sources  revealed  that  insufficient  plus  3/4"  material  was 
available  for  petrographic  testing;  therefore,  and  as  agreed  to  by  Alaslca 
District  personnel,  only  3/4"-#4  and  sand  nominal  sizes  of  material  were  tested. 
Test  method  CRD-C-127,  Examination  of  Aggregates  for  Concrete,  requires  that 
300  particles  per  screen  fraction  of  gravel  materials  be  examined  for  reliable 
results.  Approximate  minimal  weights  of  materials  required  for  300  partlqles  in 
screen  fractions  up  to  the  2"- 1^2"  are  indicated  on  page  10  of  this  test  method 
under  note  to  paragraph  4 (a)  . Attached  tabulation  sheet  I contains  percent 
constituents  per  screen  fraction  of  gravels  from  the  five  test  pit  sources  and 
footnoted  thereto  are  the  screen  fractions  that  contained  amounts  of  materials 
less  than  recommended  by  CRD-C-127,  As  the  gravels  xrere  prescreened  prior  to 
submittal,  arithmetic  averages  rather  than  weighted  average  percentages  based 
upon  gradation  of  materials  were  used  in  computing  total  composition  of  each 
gravel  sample.  Field  gradations  along  xvith  given  percentages  of  fraction  data 
can  be  used  to  compute  weighted  average  percent  compositions  as  desired.  Tlie 
submitted  sand  samples  from  the  test  pits  had  been  prescreened  and  prexvelghed  to 
sand  screen  sizes  other  than  those  usually  used  for  concrete  sand  gradations; 
therefore,  all  sand  materials  from  each  test  pit  were  composited  and  rescreened 
so  that  examination  could  be  performed  on  standard  screen  size  fractions.  Con- 
tained in  tabulation  II  are  the  weighted  average  percent  constituents  in  five 
sand  samples  as  computed  using  percent  retained  figures  obtained  from  near  the 
midpoint  of  the  percent  retained  range  for  screen  sizes  given  in  standard  civil 
works  concrete  sand  specification  gradations  and  at  a fineness  modulus  of  2.77, 
Soft  particles  in  gravels  were  determined  by  test  method  CRD-C-130  and  the  NPD 
Red  Devil  Shaker  test  was  used  to  find  amounts  of  soft  constituents  in  sands. 
Over-all  view  is  that  amounts  of  materials  examined  are  considered  sufficient  for 
a brief  petrographic  examination  of  investigatory  materials  and,  although  samples 
are  insufficient  for  a complete  petrographic  analysis,  the  data  now  gleaned 
should  serve  as  a basis  for  tentative  comparisons  of  current  and  future  samples. 

A large  bulk  sample  of  natural  sand  and  gravel  materials  is  now  being  obtained 
at  Snettisham  Project  and  this  sample  should  furnish  detailed  petrographic  data. 
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2 . Composition 

a.  Gravels ; All  five  samples  consist  essentially  of  granitic  stones  and 
represent  glacial  out-wasli  gravels  derived  from  granite  roclcs  of  the  Coast 
Range  batholltli.  These  granite  rocks  form  a major  portion  of  the  country  rock 
at  Snettlsham  project  and  at  Long  Lake  Damslte  the  granite  Is  a quartz  dlorlte 
that  commonly  has  a gnetssold  or  gnelsslc  structure  with  randomly  alternating, 
subparallel,  light  and  dark  colored  bands  or  laminations  containing  varying 
proportions  of  quartz,  feldspar,  hornblende  and  biotite  mica  minerals.  The 
variably  foliated  nature  of  these  granitic  rocks  is  shown  In  the  photograph  to 
Exhibit  I of  Design  Memorandum  No.  3,  Selection  of  Plan  of  Development, 

Snettlsham  Project,  Alaska.  The  white  bands  in  the  foliated  granite  consist 
primarily  of  equldlmenstonal  quartz  and  feldspar  with  minor  dark  minerals; 
whereas,  the  darker  colored  bands  contain  dark  platy  biotite  mica  and  tubular 
to  prismatic  hornblende  as  well  as  the  equldtmenslonal  quartz-feldspar  minerals. 

As  the  gravels  submitted  are  derived  from  similar  gnelssold  granitic  rocks , the 
rock  types  present  in  the  samples  represent  specific  portions  of  granite 
foliations,  dike  and  vein  materials,  and  associated  metamorphics  and  cataclastltes  . 
Quartz-feldspar  rock  consists  of  fine  grained  vein  and  apllte  dike  material, 
medium  to  coarse  grained  white  rock  from  foliation  bands  and  an  occasional  coarse 
grained  pegmatitlc  stone.  Quartz-feldspar  rocks  all  contain  less  than  107,  of 
dark-:CO lored  blotlte-hornblende  minerals.  Light-colored,  speckled  black  and  white, 
granite  rocks  of  attached  tabulation  I are  the  typical  granite  materials  from  the 
batholltli.  They  are  prevailing  medium  to  coarse  grained  and  by  megascopic 
examination  contain  less  than  307o  and  more  commonly  less  than  207.  of  dark  blotlte- 
hornblende  minerals.  Quartz-feldspar  and  light-colored  granite  stones  both  show 
only  slight  foliation.  Dark-colored  biotite  hornblende  rocks  are  derived  chiefly 
from  the  darker  colored  bands  in  foliated  Intervals  of  the  granite,  contain  dark 
minerals  in  amounts  greater  than  307o,  and  are  prevailing  fine  grained.  Stones 
having  a distinct  gnelssose  to  schistose  foliated  structure  are  concentrated  in 
the  dark-colored  blotlte-hornblende  fraction  and  average  about  287,  and  297.  of 
test  pits  34  and  58  and  less  than  207.  of  the  other  test  pit  materials  . Easily 
split  or  cleaved  chlorite-talc  , mica,  or  quartz-mica  schists  were  not  observed  in 
any  of  the  gravel  samples.  The  dark  blotlte-hornblende  rock  represents  schistose 
Intervals  in  the  gnelssold  granite  and  these  stones  in  sample  are  of  hard  and  non- 
splittable  type.  Miscellaneous  particles  include  hornfel  and  granullte  metamorph  .c 
stones,  epldosite  granites,  vein  metamorphic  materials  and  a few  hard  cataclastlc 


breccia  stones.  The  minor  amounts  of  dark,  fine  grained  basalt  particles  found 
in  samples  is  similar  to  basalt  dike  material  in  a core  segment  previously  from 
foundation  material  at  Long  Lake  Damslte.  A few  of  the  basalt  and  possibly  some 
of  the  miscellaneous  stones  may  be  meta-grayivacke , however,  thin  section  studies 
would  be  required  for  positive  Identification.  Teat  pits  58  of  Glacier  Creek 
and  34  of  Crater  Creek  contain  greater  amounts  of  biotite-hornblende  rock;  other- 
wise, compositions  of  test  pit  samples  are  similar.  Gravels  of  Long  Lake  Test 
Tit  64  have  the  least  variable  lithology  and  consist  essentially  of  light-colored 
granite  stone  . 
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b.  Sand:  Except  for  discrete  minerals  derived  from  disintegration  of 
constituent  rock  types,  the  sands  are  all  similar  In  composition  to  the  gravels 
and  of  granitic  lithology.  Only  significant  variations  In  composition  between 
sand  samples  Is  the  greater  amounts  of  dark-colored  blotlte-hornblende  rock  In 
TP-34  of  Crater  Creek  and  TP-58  of  Glacier  Creek  (see  tabulation  DO  . Tlie  giavels 
from  these  test  pits  also  contained  greater  amounts  of  this  type  material, 
however,  quantltes  of  blotlte-hornblende  rock  In  sands  from  these  two  test  pits 
are  substantially  less  than  In  the  gravels.  Discrete  hornblende  exceeds  discrete 
blotlte  grains  In  all  sand  samples  and  test  pits  with  greater  amounts  of  blotlte- 
hornblende  rock  have  discrete  hornblende  two  to  three  times  as  abundant  as  blotltej 
mica  flakes . Discrete  blotlte  and  hornblende  together  comprise  between  10  and  I 
20  percent  of  a sample  and  occur  primarily  In  material  passing  the  No.  30  sieve. 
Mica  flakes  are  most  abundant  In  material  passing  the  No.  100  sieve  size. 
Plagloclase  feldspar  Is  the  major  discrete  mineral  constituent  and  quartz 
approximates  either  hornblende  or  mica  contents.  Epldote,  garnet,  and  magnetite 
or  llmenlte  are  the  prominent  accessory  minerals. 


c.  Deleterious  Constituents;  Alkali-reactive  constituents  were  not  observed 
In  sand  and  gravel  materials  of  the  five  test  pit  samples.  The  trace  to  one 
percent  amounts  of  basalt  In  samples  show  the  effects  of  granite  assimilation 
and  their  contribution  to  alkall-reactlvlty  is  considered  nil.  Pyrlte  was 
observed  In  a few  of  the  vein  stone  and  epldoslte  granite  materials  but  forms 
only  trace  amounts  of  test  pit  samples . 

3 . Physical  Quality 

a.  Gravels ; Except  for  the  gravels  from  TP-33  of  Crater  Creek,  test  pit 
gravel  materials  are  slightly  to  moderately  weathered  and  stained,  contain  less 
than  10%  of  moderately  well  weathered  stones,  and  have  only  trace  to  three 
percent  amounts  of  soft  particles  (see  tabulation  I)  . Approximately  one-third  of 
TP-33  3/4"-#4  gravel  material  consists  of  stones  that  are  pronouncedly  stained 
with  iron  oxides  and  of  reddish  brorn  color.  The  Iron  oxide  stain  material  is  In 
the  form  of  coatings  at  particle  exteriors  and  occurs  as  thin  films  of  tightly 
adhering  material  that  usually  covers  more  than  50%  of  a stones  surface.  Interior 
of  Iron  oxide  coated  or  stained  particles  are  generally  only  slightly  to  moderatel; 
altered.  The  Iron  oxide  stains  or  coatings  were  usually  not  found  to  be  soft  to 
the  brass  rod  scratch  test,  CRD-C-130.  Soft  particles  in  all  gravel  samples  are 
largely  friable  stones  that  are  sufficiently  weathered  so  that  grain  bond  Is  lost 
and  granulation  occurs.  Granite  stones  In  samples  with  progressive  weathering 
tend  to  form  granulated  friable  grain  surfaces  before  altering  to  soft  clay 
materials.  Occasional  soft  stones  that  could  be  scratched  by  a brass  rod  were 
observed  In  samples  but  these  were  usually  vuggy  vein  type  materials.  A few  of 
the  schistose  blotlte-hornblende  stones  broke  along  the  foliation  when  weathered; 
however,  during  hammering  of  these  stones  most  of  the  particles  cleaved  across 
the  foliation  and  degree  of  weathering  rather  than  rock  type  tends  to  govern  the 
physical  quality  of  these  materials.  Closely  foliated  and  easily  cleaved  or 
spllttable  strongly  micaceous  schists  were  not  observed  In  samples  submitted. 
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Total  undesirable  particles  - l.e.,  soft,  friable,  crumbly,  fractured  and 
cleavable  stones  - amount  to  less  than  107.  of  gravel  samples.  Fractured  and 
crumbly  stones  are  particles  having  planes  of  weakness  of  such  extent  that 
these  particles  break  or  disintegrate  when  hit  a few  light  blows  with  a 100  gram 
tack  hammer.  Stones  with  fractures  or  Joints  that  are  not  easily  cleaved  are 
thus  not  included  within  this  category.  Most  of  the  fractured  and  crumbly  stones 
were  found  In  the  moderately  well  weathered  materials.  Particle  shapes  become 
more  angular  with  decreasing  screen  size  and  are  rounded  to  subrounded  for  plus 
1/2"  materials  and  prevailing  subrounded  to  subangular  for  materials  passing 
this  screen.  Particle  surfaces  average  moderately  rough  for  all  test  pit  material} 
with  most  of  the  granite  stones  having  pitted  exteriors.  Thin  and  elongate 
particles  range  from  one  to  three  percent  of  test  pit  samples.  The  gravels 
examined  are  from  small  sack  samples  and  are  thus  only  Indicators  of  the  quantity 
and  types  of  particles  present  in  test  pit  sources.  However,  physical  quality 
comparisons  of  samples  submitted  would  Indicate  the  following;  (1)  Long  Lake 
TP-64  gravels  are  of  better  physical  quality  than  materials  from  other  sources; 

(2)  Crater  Creek  TP-33  gravels  are  inferior  In  physical  quality  to  other  materials; 

(3)  gravels  of  Crater  Creek  TP-34  and  Glacier  Creek  TP-58  are  similar  In  quality 
and  about  average  for  materials  submitted;  and  (4)  gravels  from  the  Glacier 
Creek  TP-63  source  are  closest  to  Long  Lake  gravels  In  physical  quality.  Based 
upon  samples  submitted,  over-all  view  Is  that  Crater  Creek  gravels  are  Inferior 
to  gravels  from  other  sources. 

b.  Sands ; All  test  pit  sand  samples  are  slightly  to  moderately  weathered 
and  contain  less  than  67.  of  weathered  grains  by  particle  count  (see  tabulation  IIX 
Soft  constituents  as  determined  by  the  Red  Devil  Shaker  test  amount  to  2.47.  of 
TP-33,  3.6%  of  TP- 34  , 2 . 87.  of  TP-58  and  1.87.  of  TP-63  sand  materials.  Insuff Icien  ; 
sample  was  present  for  performance  of  shaker  test  on  Long  Lake  TP-64  sand; 
however,  judging  from  the  quantity  of  weathered  grains  counted  In  this  sample, 
amounts  of  soft  constituents  present  would  probably  be  similar  to  those  found 
In  TP-63  Glacier  Creek  sand.  In  comparison,  a rod-mill  sand  made  from  granite 
ledge  rock  at  Long  Lake  Daraslte  contained  3%  soft  constituents  and  most  of  the 
sands  used  In  major  NPD  concrete  structures  have  had  less  than  67.  of  soft 
constituents.  Both  discrete  mica  flakes  and  soft  constituents  are  most  abundant 
In  Crater  Creek  TP-34  sand.  Particle  shapes  are  subangular  to  subrounded  for 
material  retained  on  the  No.  30  sieve  and  subangular  to  angular  for  material 
passing  this  sieve.  Particle  sufaces  are  rough.  Mica  flakes  constitute  the 
majority  of  thin  and  elongate  particles. 


NELSON  B.  HIGGS 

Chief,  Petrography  Branch 
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PERCENT  BY  SCREEN  FRACTION  OF  CONSTITUENTS  IN  RAl 
FROM  TEST  PITS  OF  GIACIER  CREEK,  CRATER  CREEK  AND  LONG  LAKE  SM 


Mcgascoplcally 


Light  Colored 

Dark-Colored 

Foliated, 

Slightly^ 

1 

Speckled  Granite, 

Blotlte-Homblende 

Gnelssold- 

Weathered 

M 

Screen 

Quartz- 

Less  Than  307. 

Rock,  More  Than 

Mlsc- 

Schlstose 

and 

Size 

Feldspar 

Dark  Minerals 

307.  Dark  Minerals  ellaneous 

Bass  It 

Rock 

Stained 

Glacier  Creek  TP  38 

l%"-3/4" 

7 

46 

37 

9 

1 

47 

36 

3/4"-V' 

5 

60 

28 

6 

1 

32 

16 

V'-3/8" 

10 

57 

29 

4 

Trace 

20 

19 

3/8"-#4 
Arlth . 

18 

56 

21 

4 

1 

15 

9 

Average 

10 

54 

29 

6 

1 

29 

20 

Glacier  Creak  TP  63 

l%"-3/4" 

10 

59 

24 

7 

19 

46 

3/4"- V 

11 

61 

16 

12 

16 

48 

V-3/8" 

10 

62 

18 

9 

1 

16 

40 

3/8"-#4 
Arlth . 

12 

68 

14 

6 

Trace 

11 

26 

Average 

11 

63 

18 

8 

Trace 

16 

40 

Crater  Creak  TP  34 

3/4"-%" 

10 

47 

41 

1 

1 

34 

18 

%"-3/8" 

10 

46 

41 

2 

1 

34 

10 

3/8"-M 

Arlth. 

10 

56 

30 

3 

1 

17 

5 

Average 

10 

50 

37 

2 

1 

28 

11 

Crater  Creak  TP  33 

3/4"-%" 

8 

66 

19 

4 

3 

26 

18 

%"-3/8" 

6 

82 

10 

1 

1 

10 

12 

3/8"-#4 

6 

82 

10 

1 

1 

8 

8 

Arlth . 
Average 

7 

77 

13 

2 

1 

15 

13 

LonK  Lake 

TP  64  (LL  TP 

l%"-3/4" 

5 

86 

2 

7 

6 

85 

3/4"-%" 

5 

85 

6 

4 

8 

82 

%"-3/8" 

1 

85 

11 

3 

- 

9 

89 

3/8"-#4 

3 

89 

5 

3 

4 

80 

Arlth. 

Average 

4 

86 

6 

4 

7 

84 

(1)  Soft 

particle  test,  CRD-C-130,  does 

not  require  testing  of 

3/8"-#4  material. 

(2)  Data  la  total  weight  of  aa-racetvad  material.  Sizes  footnoted  contained  less  than  300  particles  and  Inl 
and  note  thereto  on  page  10  of  test  method. 

(3)  Percentages  of  soft  and  friable  particles  In  adjacent  column  are  Included  In  constituents  of  this  fractj 
physically  undaslreable  particles  In  samples. 
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Stained 
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Stained 

FUt  & 
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Soft  & 
Friable , 
CRD- 130 

Cleavable  Weight 
Fractured  Tested, 

& Crumbly  CD  Grasia 

61 

3 

1 

3 

7 

2,828  (2) 

74 

10 

1 

3 

8 

1,308  (2) 

69 

12 

2 

4 

7 

1,085 

80 

11 

4 

(1) 

(1) 

337 

71 

9 

2 

3 

7 

47 

7 

1 

4 

6 

2,762  (2) 

48 

4 

Trace 

2 

4 

1,243  (2) 

i 54 

6 

1 

3 

5 

1,023 

68 

, 

6 

2 

(1) 

(1) 

297 

54 

' 

6 

1 

3 

5 

75 

7 

4 

3 

6 

1,015  (2) 

84 

6 

4 

3 

9 

743 

90 

5 

2 

(1) 

(1) 

252 

83 

6 

3 

3 

7 

52 

30 

1 

2 

6 

517  (2) 

50 

38 

1 

4 

7 

552  (2) 

68 

24 

3 

(1) 

(1) 

265 

57 

31 

2 

3 

6 

15 

1,995  (2) 

17 

1 

- 

1 

1 

749  (2) 

10 

1 

2 

- 

2 

341  (2) 

18 

2 

1 

(1) 

(1) 

314 

15 

1 

1 

Trace 

1 

sufficient  weights  of  material  by  CRD-C-127,  paragraph  4 (a) 


Klon.  Except  for  Iron  oxide  stained  stones,  represents  total 
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WEIGHTED  AVERAGE  PERCENTAGE  BY  COUNT  OF  OONSTTTUENTS  IN  MA 
FROM  TEST  PITS  OF  GLACIER  CREEK,  CRATER  CREEK  AND  LONG  LAKE  SOURCEa 


r 

h 


Quart z - Fe Ida par 

Light-Colored 

Dark- Colored 

and  Dlacrete 

Speckled  Granite, 

Biotite-Homblende 

Screen 

Mlnarala  Other 

Less  Than  307. 

Rock,  More  than 

Size 

Than  Mica 

Dark  Mlnerala 

307.  Dark  Minerals 

Miacellaneoua 

Glacier 

Creak  TP 

58 

Plus  #8 

2.7 

8.6 

3.2 

0.5 

#8-#16 

5.6 

8.0 

1.9 

0.5 

16-30 

12.4 

9.1 

1.0 

0.5 

30-50 

15.9 

6.2 

0.5 

- 

50-100 

13.1 

0.8 

- 

- 

Pan 

4.1 

- 

- 

Total t 

53.8 

32.7 

6.6 

1.5 

Glacier 

Creek  TP 

63 

Plua  H 

2.1 

9.6 

1.8 

1.5 

#8-#16 

6.3 

7.6 

1.3 

0.8 

16-30 

16.3 

5.8 

0.7 

0.4 

30-50 

19.3 

2.8 

0.2 

50-100 

13.0 

1.1 

- 

Pan 

4.3 

- 

- 

Total: 

61.3 

26.9 

4.0 

2.7 

Crater 

Creek  TP 

_34 

Plua  #8 

2.2 

8.4 

3.9 

0.5 

#8-#16 

4.8 

8.0 

2.6 

0.5 

16-30 

10.6 

11.0 

1.4 

- 

30-50 

14.4 

6.2 

0.7 

- 

50-100 

12.8 

0.6 

- 

- 

Pan 

4.1 

- 

- 

- 

Total: 

48.9 

34,2 

8.6 

1.0 

J 
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Moderately 

Well 

Discrete 

Weathered 

Mica 

and 

Percent 

Flakes 

Stained 

Retained 

0.8 

15 

- 

0.8 

16 

1,0 

1,2 

24 

1.4 

1,0 

24 

2.1 

0.5 

16 

0,9 

0.2 

5 

5.4 

4.5 

1007. 

0,6 

15 

0.6 

16 

0.0 

1.0 

24 

1.7 

0.8 

24 

1.9 

0,5 

16 

0.7 

0.1 

5 

5.1 

3.6 

1007. 

1.1 

15 

0.1 

0,8 

16 

1.0 

1.4 

24 

2.7 

1.2 

24 

2.6 

0.8 

16 

0.9 

0.2 

5 

7.3 

5.5 

1007. 

appendix  c,  part  m,  a-b 
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WEIGHTED  AVERAGE  PERCENTAGE  BY  COUNT  OF  CONSTITUENTS  IN 
FROM  TEST  PITS  OF  GLACIER  CREEK,  CRATER  CREEK  AND  LONG  LAKE  SCUR 


I 


I 


1 

Qtiartz-Feldspar 

Llght-Co lored 

Dark-Colored 

and  Discrete 

Speckled  Granite, 

Blotlte-Horhblende 

t Screen 

Minerals  Other 

Less  Than  30% 

Rock,  More  Than 

1 Size 

Than  Mica 

Dark  Minerals 

30%.  Dark  Minerals 

Miscellaneous 

1 Crater  Creek 

TP  33 

1 Plus  #8 

3.0 

10.2 

1.4 

0.4 

, #8- #16 

5.1 

9.0 

1.6 

0.3 

16-30 

14.2 

8.4 

1.0 

0.2 

1 30-50 

15  .4 

7.2 

0.2 

Trace 

1 50-100 

12.2 

1.3 

0.4 

- 

Pan 

4.4 

- 

- 

Total: 

54.3 

36.1 

4.6 

0.9 

Long  Lake  TP 

64  (LL  TP- 14) 

Plus  #8 

1.2 

12.5 

0.9 

0.4 

• #8- #16 

5.6 

9.0 

1.1 

0.3 

16-30 

15.1 

7.4 

0.7 

0.5 

30-50 

20.9 

1.9 

- 

- 

50-100 

14.1 

0.3 

- 

- 

Pan 

4.5 

- 

- 

- 

Total: 

1 

61.4 

31.1 

2.7 

1.2 

I 

1 


I 

^ * Percent  retained  data  used  In  computing  weighted  percentages  are  from  near  mldi>olnt  of  perce 

civil  works  sand  gradation  specification  and  at  FM  2.77. 
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Discrete 

Mica 

Flakes 

Moderately 

Well 

Weathered 

and 

Stained 

Percent  * 
Retained 

1.5 

15 

• 

1.1 

16 

0.2 

1.2 

24 

1.2 

1.0 

24 

2.1 

0.5 

16 

0.6 

0.1 

5 

4.1 

5.4 

100% 

0.4 

15 

0.5 

16 

0.3 

0.5 

24 

1.2 

0.5 

24 

1.6 

0.3 

16 

0.5 

0.2 

5 

3.6 

2.4 

100% 

ixt  retained  range  for  each  screen  alze  given  In  standard 
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District  Peroonnol  Long  Lake  Damslte,  Surface  Exploratory  Quarry,  Long 

suiiMi-rts  (■.1‘iT  05  .-..r:.:,)  Sncttisham  Project,  Lake  Daaisite 
Alaska  District Juneau,  Alaska 


1 . Samplc.s  and  Tests 

Approximately  3600  pounds  (six  barrels)  of  blasted  ledge  rock  from  the  above 
source  was  submitted  for  processing  into  nominal  sizes  of  coarse  aggregate  and 
rod-mill  sand  for  various  elementary  tests,  freeze-thaw  soundness,  petrographic 
examination  to  include  a study  of  mica  in  the  rod-mill  sand  and  mortar  tests  for 
evaluation  of  the  influence  of  mica  on  compressive  strength.  Selected  IJX  core 
samples  of  similar  gneissoid  quartz  diorite  rock  from  the  island  and  right  abut- 
ment sources  were  previously  examined  and  the  results  are  detailed  in  Petrographic 
Report  dated  12  November  1964,  Although  of  somewhat  different  origin,  the  gneis- 
soid quartz  diorite  from  Long  Lake  has  a remarkable  resemblance  both  in  texture 
and  in  composition  to  the  quartz  diorite  gneiss  or  granite  gneiss  rock  found  in 
the  vicinity  of  EhTorshak  Dam  (IT.  Fork  Clcar\Tater  River)  Idaho.  The  gneiss  rock 
at  Dworshak  has  been  extensively  investigated  for  use  as  concrete  aggregate  and, 
for  comparison  purposes , Inclosed  are  two  IffiS  Forms  726  from  TM  6-370  containing 
test  data  relative  to  the  Dworshak  aggregates . The  Long  Lake  aggregates  were 
examined  by  GID  C-119  and  CRD  C-120,  respective  tests  for  flat  and  elongate 
particles  in  coarse  and  fine  aggregate.  Test  procedures  used  in  studies  of  mica 
in  the  rod-mill  sand  are  given  below  in  paragraphs  pertinent  thereto , Attached 
are:  (1)  Table  I giving  weighted  average  percent  constituents  in  fine  and  coarse 

aggregate  and  (2)  Table  II  containing  results  of  mica  studies.  Also  inclosed  are 
two  photographs  showing  sink-float  separates  and  blends  of  hi^  and  low  mica 
sands  used  for  mortar  strength  studies. 

2 . Composition  and  Mica  Study 

Except  for  about  277.  discrete-quartz-feldspar  particles,  the  coarse  aggregate 
material  consists  predominantly  of  medium  grained  gneissoid  quartz  diorite  or  a 
granite  rock  having  a foliated  structure  and  having  characteristics  similar  to 
those  described  in  the  petrographic  examination  of  previously  submitted  NX  core 
samples.  That  is,  the  major  rock  type  present  is  gneissoid  quartz  diorite  having 
a slightly  to  well  foliated  structure  with  randomly  alternating,  subparallel, 
light  and  dark  colored  bands  or  lentlcles  containing  varying  proportions  of  quartz, 
feldspar,  hornblende  and  blotlte  mica  minerals  (see  photograph  to  previous  report)  . 
The  white  or  light-colored  bands,  patches  or  lentlcles  in  the  quartz  diorite  con- 
sist essentially  of  equidlmenslonal  quartz  and  feldspar  with  minor  blotlte- 
homblende  dark  minerals;  whereas,  the  darker  colored  of  speckled  bands  have 
greater  amounts  of  hornblende  and  biotite  in  reduced  amounts  of  light-colored 
quartz  and  feldspar.  The  bullc  sample  differs  in  composition  from  previously 
examined  IDC  core  Biaterlals  In  the  following  ways . (1)  The  bulk  sample  contains 

greater  amounts  of  quartz- feldspar  rock  In  the  form  of  fine-grained  aplltlc  mater- 
ial derived  from  large  thick  quartz- feldspar  folia  In  the  quartz  diorite  and  from 
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apllte  dikes  such  as  were  observed  cutting  the  foliation  in  plus  3"  hand  samples; 
(2)  Dark-colored  rock  facies,  fine  grained  hornblende  granulite  and  gnelssoid 
coarse  grained  biotite-homblende  rock,  observed  as  samples  in  the  NX  core 
material  were  not  recognized  as  discrete  particles  in  the  bulk  material,  A few 
small  xenoliths  or  inclusions  of  the  dark  granulite  facies  were  observed  in  some 
of  the  larger  chunks,  however.  Previous  thin  section  studies  of  the  NX  core 
samples  indicated  that  the  quartz  diorlte  contains  an  estimated  average  of  18% 
dark  minerals  (13%  biotlte  mica,  5%  hornblende);  79%  light-colored  minerals  (607. 
plagloclase  feldspar,  15%  quartz,  4%  orthoclase  feldspar);  and  3%  miscellaneous 
accessory  minerals.  Quartz  feldspar  folia  or  the  white  bands  in  the  NX  core 
samples  contained  from  five  to  ten  percent  dark  minerals  consisting  largely  of 
biotlte  with  only  minor  hornblende.  Mineral  composition  of  the  bulk  aggregate 
sample  as  obtained  from  particle  counts  of  the  rod-mill  sand  is  shoxm  in  Table  I, 
The  fine  aggregate,  by  particle  count,  contains  weighted  average  percentages  of 
about  567,  discrete  and  rock  particle  light-colored  quartz- feldspar  minerals,  28% 
quartz- feldspar  rock  particles  with  minor  dark  minerals,  2%  dark  biotlte-homblend< 
rock  particles  with  minor  light  felsic  minerals,  3%  discrete  dark  prismatic  horn- 
blende, and  117,  discrete  dark  biotlte  mica  flakes.  Total  mica-hornblende  content, 
using  average  estimates  of  these  minerals  in  the  dark  rock  particles  and  in  the 
speckled  dark  quartz- feldspar  rock  particles,  is  between  16  and  18  percent  or 
slightly  less  than  the  amounts  of  these  minerals  found  by  thin  section  studies 
of  the  NX  core  samples.  Under  heading  No,  J.  of  Table  II  are  given  the  weighted 
average  percent  of  biotite-homblende  minerals  that  vrere  removed  on  a weight  basis 
by  2.86  bromoform  sink-float  separations  performed  on  24,000  grams  of  representa- 
tive material  screened  in  a Ty-Lab  shaker  to  provide  the  amounts  per  screen  frac- 
tion shorn.  The  total  weighted  average  percent  of  biotite-homblende  sinks  is 
10.8%  and  is  less  than  the  amounts  found  by  grain  counts  for  two  reasons:  (1)  The 
bromoform  separates  are  on  a weight  basis,  whereas,  the  particle  counts  are  on  a 
voliome  basis;  (2)  Sink-float  specific  gravity  separations  do  not  completely 
separate  heavier  biotlte  and  hornblende  particles  from  lighter  quartz  and  feldspar 
particles  because  minor  amounts  of  biotlte  and  hornblende  are  entrapped  in  the 
float  quartz- feldspar  particles.  Most  of  the  discrete  biotlte  and  hornblende 
grains,  either  by  weight  or  by  volimie,  are  found  in  the  minus  No.  16  sieve 
material  ;>^iere  rock  grains  are  sufficiently  divided  so  as  to  release  mineral 
constituents.  The  sink- float  separates  on  the  rod-mill  sand  are,  therefore, 
Indicative  of  total  amounts  of  discrete  biotite-homblende  plus  heavy  biotite- 
homblende  rock  particles  rather  than  total  amount  of  biotlte  and  hornblende 
present.  Data  under  heading  No,  ^ contains  the  results  of  sink-float  separates 
made  on  material  in  which  the  No.  8,  No,  16,  No.  30  and  No,  50  sieve  fractions 
were  ground  to  a fine  powder  so  as  to  release  entrapped  biotlte  and  hornblende 
heavy  minerals.  This  resulted  in  an  Increase  in  the  percent  sinks  per  these  sieve 
sizes  and  a total  increase  in  weighted  average  percent  sinks  from  10,87.  to  13.87.. 
Thus,  total  amounts  of  biotlte  and  hornblende  are  between  167,-187,  by  \rolume  grain 
counts  and  about  147,  by  sink  float  separates  of  finely  ground  material.  Grain 
counts  were  also  made  of  the  heavy  separates  from  the  original  rod-mill  sand  and 
the  results  are  contained  under  heading  No,  _6  of  Table  II,  The  sinks,  using  com- 
bined weight  and  volume  count  parameters,  contain  177,  discrete  hornblende,  627, 
discrete  biotlte,  187,  mixed  biotite-homblende  dark  particles  and  37,  of  accessory 
heavies  consisting  largely  of  epldote  with  minor  amounts  of  zircon,  apatite, 
sphene,  and  opaques.  Recalculating  these  percentages  so  as  to  exclude  accessories 
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greater  than  those  with  either  natural  or  high  mica  contents,  showing  that  mica 
does  influence  mortar  strengths,  (3)  Both  the  natural  and  high  mica  content 
mortar  cubes  have  essentially  the  same  strengths  Indicating  that  discrete  mica 
at  the  117,  level  has  as  much  effect  on  mortar  strength  as  at  the  307.  level. 


4,  Physical  Properties 


The  coarse  aggregate  ranlcs  as  moderately  weathered  and  contains  about  527, 
slightly  weathered  and  stained  particles,  467,  moderately  weathered  and  stained 
particles  and  about  27,  moderately  wall  weathered  and  heavily  iron  oxide  stained 
particles.  Examination  of  rock  chunks  prior  to  crushing  indicated  that  most  of 
the  alteration  present  is  attributable  to  weathering  along  joints  with  interior 
of  chunks  being  only  slightly  altered.  Soft  particles  that  can  be  scratched 
with  a brass  rod  by  C&D  C-130  were  not  observed.  Thin  and  elongate  particles 
are  minor  and  amo\mt  to  about  two  percent  of  coarse  aggregate  sample.  However, 
particles  with  significant  open  megafractures  are  present  in  the  larger  sized 
particles  and  comprise  about  21%  of  the  6"-3"  material  and  about  137,  of  the 
3"-l%"  material.  The  l%"-3/4"  and  3/4"-#4  nominal  sizes  contained  only  a few 
particles  having  fractures  of  this  type.  Soft  and  attritlonable  constituents  in 
the  rod-mill  sand  amount  to  about  37.  by  the  Red  Devil  Shaker  test  and  from 
examination  of  the  wash  water  consist  largely  of  a slurry  of  minute  mica  flakes. 
Particle  counts  of  the  No.  100  sieve  material  after  shaking  showed  about  237, 
discrete  mica  flakes,  or  an  increase  of  about  4%  in  the  amounts  found  in  this 
sieve  size  prior  to  shaking.  Flat  and  elongate  particles  amount  to  about  97,  of 
the  rod-mill  sand.  These  particles  consist  largely  of  discrete  mica  flakes  in 
the  minus  Ho . 16  sieve  material  and  about  equal  proportions  of  feldspar  fragments 
and  mica  flakes  in  material  retained  on  this  sieve.  Alkali-reactive  constituents 
were  not  observed  in  sample.  Small  crystals  of  pyrite  ware  observed  in  a few  of 
the  coarse  aggregate  particles,  but  form  only  trace  amounts  in  sample.  Physical 
properties  of  the  foliated  granite  rock  from  Long  Lake  are  largely  determined  by 
textures  and  structures.  Specifically,  two  items  warrant  attention;  (1)  Possible 
splitting  of  rock  along  foliation  planes  and  (2)  granulation  because  of  poor 
interlock  between  constituents  and/or  the  presence  of  cleavable  feldspar,  biotite 
and  hornblende  minerals.  In  the  sample  examined,  splitting  along  foliation  planes 
does  not  appear  to  be  a problem  because  flat  particles  are  minor  and  less  than 
one-quarter  of  the  fractured  particles  in  the  larger  coarse  aggregate  sizes  had 
fractured  parallel  to  the  foliation.  Granulation  of  this  material  during 
processing  and  subsequent  mixing  may  be  a problem,  however.  The  Los  Angeles 
abrasion  test  loss  after  500  revolutions  at  A grading  is  527..  Granite  rocks  are 
known  to  be  subject  to  granulation  and  the  following  quote  from  Blanks  and 
Kennedy  in  The  Technology  of  Cement  and  Concrete  (p,  285)  Illustrates  the  problem; 
"Highly  siliceous  igneous  rook  such  as  granite,  crystallized  progressively,  so 
that  the  last-formed  mineral  (usually  quartz)  is  molded  against  the  relatively 
smooth  surfaces  of  the  early  formed  crystals.  Consequently,  the  texture  is 
poorly  Interlocked  and  granulation  occurs  easily,  the  low  strength  being  most 
evident  in  particles  comprising  relatively  few  crystals  , , . Mixer  grinding 
studies  should  show  whether  granulation  is  a problem  with  the  Long  Lake  granite 
rock.  As  noted  in  the  prior  petrographic  report,  mixer  grinding  studies  of 
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coarse  to  medium  grained  granite  gneiss  aggregate  from  Dworshak  Dam  have  shown 
significant  changes  In  fineness  modulus  of  charged  aggregates  before  and  after 
mixing.  For  example,  the  reduction  in  fineness  modulus  of  Dsx)rshak  granite 
gneiss  fine  aggregate  based  upon  nine  mixer  grinding  tests  ranged  from  7.2  to 
27.8%,  the  average  being  15,9%,  Maximum  Los  Angeles  abrasion  loss  found  for 
tests  on  tlie  Dworshak  coarse  aggregate  was  about  39%  as  compared  to  52%  for  the 
present  sample  of  Long  Lake  granite. 
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WEIGHTED  AVERAGE  PERCENT  aONSTITUENTS  IN  FIME  AMD 
Ooara«  Aggr«g»t«3/ 


Screen  Slao 

Gnalaaold 

Quartz 

Dlorlta 

Slightly 

Quartz-Fcldapar  Waatharad 
Rock  & Stained 

Moderately 
Weathered 
& Stained 

Moderately 
Well  Weath. 

& Stained 

TabuJ 

6"-3"  Mbm.  Slao 

64 

36 

41 

56 

3 

lotali^ 

14.5 

8.2 

9.3 

12.7 

0.7 

3"-14"  Nom.  Slao 

77 

23 

41 

57 

2 

lotal^/ 

17.6 

3.3 

9.4 

13.1 

0.4 

lA^"-3/4"  Norn.  Slae 

IV'-l" 

33.9 

12,1 

24.1 

21.3 

0.6 

l"-3/4" 

35.0 

13.0 

23,7 

21.5 

0.8 

Minna  3/4" 

4.5 

1.3 

3,2 

2.7 

0.1 

Subtotal!/ 

73,4 

26.6 

33,0 

45,5 

1.5 

Totali/ 

11.2 

4.0 

8,1 

6.9 

0.2 

3/4"-#4  Nom.  Slae 

i 

Pina  1/2" 

17,4 

6.6 

U.9 

8.3 

0.6 

i 

l/2"-3/8" 

16.1 

4.9 

13.9 

6.9 

0,2 

Minna  3/8" 

42.3 

12.7 

36.4 

18,1 

0.5 

Subtotal!/ 

73,8 

24.2 

65.2 

33  .5 

1.3 

1 

Total!/ 

29.7 

9.5 

23.6 

13.1 

0.5 

Grand  Total!/ 

73.0 

27.0 

52.4 

45.8 

1.8 

1 

1 

Fine  AKsreeate 

Light 

Colored 

Qtz-Feld.  Rock 

Oaik  B lot-Hom  . Bock 

Qtz-Feld . 

Partlelaa  with 

Particles  with 

Mlnanrala  and 

Minor  Dark 

with  Minor  Light 

Rock  Partlelaa 

Mlnarala 

Colored  Minerals  Discrete  Hornblende 

Dl«or«t 

Slava  7,  of 

Wt.Avg. 

1 of  Wt.Avg. 

X of  Wt  .Avg 

. X of 

Wt.Avg. 

X of 

Slae  Slave 

7. 

Sieve  7. 

Slave  7. 

Sieve 

X 

Slave 

#4-#8  27.2 

2.2 

71.6  5.7 

1.2  0.1 

8-16  34.0 

8.1 

63.2  2.4 

2,4  0.5 

0.2 

trace 

0.2 

16-30  59.2 

16.0 

33.2  9.0 

2.0  0.5 

0.4 

0.1 

3.2 

30-50  64.2 

14.7 

9.5  2.2 

3.0  0.7 

4.8 

1.1 

18.5 

50-100  70.3 

10.3 

2.0  0.3 

- 

8.0 

1.2 

19.7 

Pan  68.7 

6.2 

0 .6  trace 

1.7  0.2 

6.3 

0.6 

22,7 

Total 

55 .7 

28.6 

2.0 

3.0 

2/Subtotala  give 

weighted  average  percent  of  conatltuonta  per  nominal  alza.  Amounts  under  total 

are  welgfa 

alaaa  recalculated  to  omit  aand 

fraction.  Grand  total  flguraa  give  wal^tad  average  percent  of 

const Itv 

2/Flat  and  alongata  partlelaa  conalst  of  about  507.  faldapar  on  No.  8 and  16  slovca,  747.  blotlta  mica  on  Wi 
2/Fareont  of  conatltuonta  la  by  weight  for  eoarao  aggragato  and  by  coimt  for  flno  aggregate. 
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0 

4 

5 

21 

0.9 
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5 

2 

3 

13 

3.4 

OJ 
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2.6 

0.2 

46 

4.8 

0.3 

48 

0.6 
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6 

8.0 

OJ 

100.0 

1.2 

0.1 
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4.6 

0.1 

24 
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0.4 

21 

5.0 
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55 

IJ 
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0.6 
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27 
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23 
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3.0 
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15 
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2.0 

22.7 

2.0 
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100.0 
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Paresnt  •£  Slnlc-Floata  In  Orlgtiial  Rx>d-Mlll«d  Sand 


M 


Slav* 


Total 

Halsht 


Walfht 

Ploati 


Wt^vg.  /.  ilnka  Using  Wt. 


Sis* 

Grans 

Grans 

Grans 

Floats 

Sinks 

Batalnad 

Sinks 

Sink-Float 

#4-#8 

3600 

3347 

33 

98.3 

1.3 

8 

0.1 

0.2 

•-16 

4800 

4644 

136 

96.7 

3.3 

18 

0.6 

0.6 

16-30 

4800 

4303 

297 

93.8 

6.2 

27 

1.7 

1.2 

30-30 

-7o0 

4814 

946 

83.6 

16.4 

23 

3.8 

3.9 

30-100 

3360 

2736 
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82.0 

18.0 

13 

2.7 

2.5 

Pan 

1680 

1330 
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79.2 

20.8 

9 

1.9 

1.5 

Totals 
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21694 
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10.8 

9.9 
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X 

7. 

Grams 
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Slza 
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Sinks 
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M 

II 
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II 
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II 
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It 
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If 
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II 

It 
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M 
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3000 
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Parcant  of  Sinks  In  Natural  Sand  Aftar  Sink-Float 
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Slava 

X 

1 

Wt .Avg . 

Slza 

Sinks 
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X Sinks 

#4-#8 

8.2 

8 

0.7 

8-16 

8.4 

18 

1.5 

16-30 

11.1 

27 

3.0 

30-30 

17.2 

23 

4.0 

30-100 

18.0 

15 

2.7 

Fan 

20.8 

9 

1.9 

Totals 

100.0 

13.8 

Wt.Avg.- 
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PROPORnONS  OF  MIGA. 


Proportion*  of  Stnk-Ploati  in  High  Mica  Mortar  Cubei 

IX  «ia]ci  or  4.8  t<'n*«  i^Tnnlln^  pf  pT  ■lovo  oizo  of  eriK<nHl  rod-mill  >and) 

ro  Totnl  Gran*  % 7.  Gran*  Gram*  P*rcent  Sinks  in  Total  Sample 

t Required  Floats  Sink*  Float*  Sink*  per  Screen  Fraction 


Total  Gram* 

7. 

7. 
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Sink* 

Floats 

Sink* 
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92.8 

7.2 
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32.4 
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84.2 

13.8 
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94.8 
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5.0 
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0.6 

4.7 

10.7 

0.2 

51.3 

0.9 

36.3 

0.6 

1.7 

19  .0 

0.8 

69.0 

2.6 

11.3 

0.4 

0.7 
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Alaska  District 

sowRce  fREEZE-T;’AW  BEAMS  Prepared  with 
Snettlsham  Project  Manufactured  3/4"-#4  Coarse  Aggregate 
Juneau,  Alaska  and  Rod-Mill  Sand  from  Granite  Ledge 

Rock 

1 . Samples  and  Teats 

One  series  of  freeze-thaw  beams  was  prepared  with  laboratory  manufactured 

coarse  aggregate  and  rod-mill  sand  made  from  gnelssold  granite  ledge  rock 
obtained  from  the  vicinity  of  Long  Lake  Damslte,  Snettlsham  Project,  Alaska,  The 
series  of  beams  was  tested  In  accordance  with  test  method  CRD  C-114.  All  beams 
contained  447,  fine  aggregate,  had  a water-cement  ratio  of  0.49,  and  were  retained 
In  the  freeze- thaw  unit  for  300  cycles  of  alternate  freezing  and  thawing.  Other 
test  data  are  as  follows: 


Series  & 
Set  No . 

C- 13002 


C-13002A 


C-13002B 


Slump, 

Inches 

2.00 


2.25 


2.25 


7o 

Air 

6.2 


6.0 


6 .4 


DFFjoo 

Avg. 

70.2 


66.1 


65.7 


67.3 


Beam 
Nos . 

1 

2 

3 

4 

5 

6 

7 

8 
9 


Rel.  E of  Each 
Beam  at  300  Cycles 

72.3 

70.6 

67.7 

65,9 

64.2 

68.2 

64.5 

68.0 

64.5 


Grand  Average  DFE3Q0 
2 . Examination  of  Beams 

All  beams  have  well  preserved  original  contours.  Beams  No . 5 and  No,  6 have 
lost  corners  to  respective  depths  of  one-half  and  one  inch,  otherwise  the  beam 
surfaces  show  only  minor  mortar-coarse  aggregate  losses.  Surface  relief  of 
projecting  coarse  aggregate  particles  averages  less  than  one-3l:.teenth  Inch.  The 
mortar  la  hard  and  firm.  Surface  coarse  aggregate  particles  when  pried  with  a 
dtill  dental  probe  tend  to  granulate  rather  than  break  from  the  mortar  Indicating 
that  the  mortar-coarse  aggregate  bond  Is  good  and  greater  than  the  abrasion  re- 
sistance of  tiie  granite  particles.  Air  voids  are  normal  In  sizes,  ^lmounts  and 
distribution.  ITiere  Is  no  evidence  of  aggregate  segregation,  or  bleeding.  The 
moderate  depths  of.  penetration  of  destructive  freeze-thaw  action  are  illustrated 
by  the  dark  vret  edges  of  the  sawed  sections  shown  In  the  accompanying  photograph, 

Tlie  slices  were  cut  one-half  Inch  thick  from  third  points  of  selected  beams,  air 
dried,  then  placed  In  water  one-fourth  Inch  deep  for  15  minutes  to  allow  for  capll 
lary  rise  of  rrjisture  through  ruptured  peripheral  mortar,  and  were  then  photographejl 
Immediately  . 
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Snettisham  Project 

Samples  of  Dark  Sink  and  Light  Float  Separates  from 
No .8,  16,  30,  50,  100  and  Pan  Sizes  of  Rod-Mill  Sand 


,/.?.w‘V.  - 


Snettlsham  Project  3e/^fr(,S 

Left  and  Right, High  and  Low  Mica  Blended  Rod-Mill  Sands  for  Mortar  Strength  Studies. 


Snettlsham  Project 

Freeze-Thaw  Beams  Prepared  with  Manufactured  Coarse  Aggregate 
and  Rod-Mill  Sand  Made  from  Granite  Ledge  Rock  Bulk  Sample. 
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Aggregate  Tests 


6"-3" 


Specific  Gravltv 

2.68 

(BSSD) 

Absorption,  7. 

0.6 

Unit  Weight 

93.9 

Ib/cu.ft . 

4.  Ix>8  Angeles  Abrasion.  (Grading  "A"') 

7.  wear  @ 100  Rev. 

7.  wear  (?  500  Rev. 

5 . Percent  Minus  No . 200 


Nominal  Size 


3"-lV' 

13fe"-3y4" 

3/4"-No.4 

Sand 

2.66 

2.65 

2.61 

2.65 

0.7 

0.4 

1.4 

0.5 

94.7 

92.0 

90.3 

102.0 

13.1 

51.6 

0.6 


6. 


Freeze-Thaw.  DFE^Ofl 
300  cycles 

Round  1 


Average 


2 

3 


70.2 
66.1 
65.7 

67.3 


Mortar  Strength 

Ottawa 

Rodmlll 

High  Mica 

Low  Mica 

Standard 

Sand 

Content 

Content 

a.  Compressive 

7 -Day 

2 8- Day 

7 -Day 

2 8- Day 

7 -Day 

2 8- Day 

7-Day 

2 8- Day 

(1) 

PSl 

1525 

3050 

1860 

2950 

1810 

3000 

2475 

3725 

1610 

2750 

1620 

3600 

1740 

2925 

2005 

3600 

1490 

3050 

1745 

3175 

1770 

3025 

2185 

4050 

Avg. 

1540 

2950 

1740 

3240 

1775 

2985 

2220 

3800 

(2) 

% of  con- 
trol 

100 

100 

113 

110 

115 

101 

144 

129 

b.  Flexural 
(1)  PSI 

505 

470 

430 

755 

830 

325 

360 

360 

610 

650 

705 

Avg. 

470 

795 

350 

655 

(2) 

7.  of  con- 

100 

100 

74 

82 

/ , f trol 

/ ’ ' / 


NPDEN-GS-L 
W.  0.  64-CPCh-188 


SNETIISHAM  PROJECT 


29  January  1965 


Processing  Studies 

1.  Prlmiry  Crushing 

a.  Crusher:  15"  X 24"  Jaw  crusher 

b.  Setting:  6" 

c.  Feed:  1173  lb,  of  quarry  run  (large  pieces  only) 

d.  Product: 

(1)  Nominal  Size  6"-3"  3"-lV'  1%"- 

(2)  Weight,  lb.  0 581*  421  7 

(3)  Percent  0 49.6  35,9  6, 

*451  Lb.  saved  for  aggregate  stock. 

2.  Secondary  Crushing 

a.  Crusher:  15"  X 24"  jaw  crusher 

b.  Setting:  3" 

c.  Feed:  Quarry  Run  Primary 

Plus  6"  2344 

6"-3"  130 

Total 


3"-lV' 

lV'-3/4" 

3/4"-No .4 

-No  .4 

Total 

421 

74 

65 

32 

1173 

35.9 

6.3 

5.5 

2.7 

100 

Total 


d . Product : 


(1)  Nominal  Size  3"-^"  lV'-3/4"  3/4"-No.4  -No.  4 Total 

(2)  Weight,  lb.  65  1338**  440  305  196  2344 

(3)  Percent  2.8  57,0  18.8  13.0  8.4  100 

**455  lb.  saved  for  aggregate  stock. 


r 


NPDEN-GS-L 

W,  0.  64-CPCh-188 

Snettlsham  Project  Processing  Studies  (Coat’d) 
3,  Tertiary  Crushing 

a.  Crusher:  15"  X 24"  Jaw  crusher 

b.  Setting:  IV  Max. 


29  January  1965 


Feed: 

Primary 

Secondary 

Total 

Plus  3" 

65 

65 

3"-l%" 

Total 

421 

421 

883 

948 

1304 

1369 

Product : 

(1)  Nominal 

Size: 

+11^ 

U5"-3/4"  3/4 

"-No .4 

-No  ,4 

Total 

(2)  Weight, 

lb. 

160 

720* 

330 

129 

1339 

(3)  Percent 

12.0 

53,8 

24.6 

9.6 

100 

*300  lb,  saved  for  aggregate  stock, 
4.  Quartemarv  Crushing 


a. 

Crusher:  18"  gyratory 

b. 

Setting:  3/4"  Max. 

c. 

Feed: 

Primary 

Secondary 

Tertiary 

Total 

3"-lV' 

160 

160 

l%"-3/4" 

74 

440 

420 

934 

Total 

74 

440 

580 

1094 

d. 

Product : 

(1)  Nominal  Size 

3/4"-No.4 

-No  .4 

Total 

(2)  Weight,  lb. 

780** 

285 

1065 

(3)  Percent 

73,2 

26.8 

100 

**780  lb.  saved  for  aggregate  stock. 

29  January  1965 


NPDEN-GS-L 

W.  0.  6A-CPCh-188 

Snettlsham  Project  Processing  Studies 


(Cont'd) 


5 . Sand  Manufacture; 


a.  Mill:  16"  X 32"  rodmlll 

Rod  charge  7 - 2-3/8"  dla. 

9 - 2"  dla, 

3 - 1-5/8"  dla. 
3 - 1-3/8"  dla. 

Charge  weight  600  lb. 


b.  Classifier:  Rake  Type 


c.  Feed: 

Primary 

Secondary 

Tertiary 

Quaternary 

Total 

3/4"-No.4 

65 

305 

330 

- 

700 

-No.  4 

32 

196 

129 

285 

642 

Total 

97 

501 

459 

285 

1342 

d.  Rate  of  Feed;  1550  lb /hr. 

e.  Loss  In  Milling:  13.4  percent 


f .  Product : 

(1)  Weight;  1162  lb. 


Gradation 

Percent  Passing 

Ind .Percent 

Retained 

Size 

Product 

Specsi/ 

Product 

Specs^/ 

3/8" 

100 

0 

No,  4 

100 

95-100 

0 

0-5 

No.  8 

92 

80-90 

8 

5-20 

No.  16 

74 

55-75 

18 

10-22 

No.  30 

47 

30-60 

27 

18-32 

No.  50 

24 

12-30 

23 

18-32 

No.  100 

9 

2-10 

1 15 

10-25 

Pan 

9 

5-10 

FM 

2.54 

2.4-3|.l 

j 2-54 

2.25-2.85 

1/  CE  1401.01,  Alternate  1 
2/  CE  1401.01,  Alternate  2 


J 


29  January  1965 


NPDEN-GS-L 
W.  0,  64-CPC31-188 

Snettlsham  Project  Processing  Studies  (Cont'd) 


6,  Summary  of  Aggregate  Production 

6"-3"  1%"-3/4"  3/4"-No  .4  Sand 


a. 

Weight  produced,  lb. 

451 

455 

300 

780  1162 

b. 

Percent  of  Quarry  Run: 

13.2 

13.3 

8,8 

22.8  34.0 

Note:  10.57.  (369^0  loss 

In  processing. 

c. 

Gradations : 

Nominal 

Size 

6"-3"  3"-l%" 

U"-3/4" 

3/4"- 

■No.  4 

Sand 

Screen 

Percent  Passing 

Ind.  7.  Ret, 

Size 

Prod.  Spec.  Prod.  Spec 

. Prod . Spec . 

Prod, 

Spec.  Prod. 

Spec.  Prod,  Spec 

6" 

100 

90-100 

5" 

89 

4" 

62 

20-45 

100 

3" 

7 

0-15 

95 

2%" 

87 

2" 

61 

1%" 

24 

1" 

4 

3/4" 

3 

1/2" 

3/8" 

No,  4 

No.  8 

No.  16 

No.  30 

No.  50 

No.  100 

Pan 


100 

90-100 


20-55 

100 

0-10 

100 

90-100 

0-5 

54 

20-45 

100 

6 

0-10 

96 

3 

76 

2 

0-5 

55 

11 

100 

90-100 

30-55 

100 

0-5 

100 

95-100 

92 

80-90 

8 

74 

55-75 

18 

47 

30-60 

27 

24 

12-30 

23 

9 

2-10 

15 

9 


0-5 

5-20 

10-22 

18-32 

18-32 

10-25 

5-10 


FM 


2.54  2, 4-3.1  2.54  2.25-2.85 


4 
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AOOm  SS  R(  PLY  TO 
DINLCTOR 

NOT  TO  INDIVIDUALS' 


U.S.  ARMY  ENGINEER  DIVISION.  NORTH  PACIFIC 
CORPS  OF  ENGINEERS 


NORTH  PACIFIC  DIVISICm  MATERIALS  .‘RORATORY 


RT.  2.  BOX  I2A 
TROUTDALE.  OREGON 


NPDEN-GS-L  (64-CPCh-188) 


7 May  1965 


SUBJECT:  Snettlsham  Project,  Report  of  Laboratory  Investigations  of 
Granite  Ledge  Rock  Sample 


District  Engineer 

U.  S.  Army  Engineer  District,  Alaska 
ATTN:  NPAEN-FM 


1.  Reference  is  made  to: 


a.  Your  letter  of  6 Jantiary  1965,  subject,  "Letter  of  Transmittal 
to  Accompany  Concrete  Aggregate  Materials"  applicable  to  a 3,600  pound 
sample  of  rock  received  at  this  laboratory  22  December  1964 . 


b.  Reports  forwarded  under  cover  of  our  29  January  1965  letter, 
subject  as  above. 


\ c.  Telephone  conversations  30  April  1965  between  Messrs.  Jones, 

Knoppe,  Clarke  and  the  writer  wherein  it  was  agreed  to  reschedule  mortar 
bar  expansion  tests  and  to  perform  one  trial  concrete  mix  design  using 
available  rock  with  compressive  strength  specimens  for  three  test  ages 
(7,  28  and  90  days)  using  aggregate  processed  to  1%"  top  size. 


2,  Attached  completing  all  work  scheduled  except  that  outlined  in 
reference  Ic  above  are:  (Incl.l)  A one  page  summary  report  of  aggregate 
tests,  (Incl.2)  a five  page  report  of  petrographic  examinations  of  the 
aggregate  plus  data  sheets  of  referenced  similar  manufactured  aggregate 
for  NPW  Dworshak  Dam  and  two  summary  tabulations  and  (Incl.3)  NPD  Form 
361  report  of  the  results  of  CRD  C-114  freeze-thaw  soundness  test  with  a 
one  page  report  of  petrographic  examinations  after  test  and  one  photo 
illustration. 


3.  Reports  on  remaining  scheduled  testing  ref erence^/ in  Ic  above  will, 
unless  otherwise  requested,  be  forwarded  when  90  day  results  become  avail- 
able on  or  about  16  August  1965. 


3 Incl 

as  (Reproduclbles  w/2  copies) 


J.  L.  BARg 
Director 
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Room  Dry 
Aggregate 
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MIX  DATA 

SCREEN  ANALYSES-y.  RETAINED 

1 

material 

1 

X 

C.A. 

SAMPLE 

NO. 

SOLID 

VOLUME 

cu  ft 

WEIGHTS 
S.  S.  D. 

lb 

BULK 
SP.  GR. 
S.&D. 

^ (/> 

• CD 
< 

SIEVE 

SIZE 

NOMINAL  SIZES 

COMBINED  1 

:a) 

6*fo3* 

(B) 

3’tollV 

(C) 

28.7 

(0) 

35.1 

^■fo> 

36.2 

Sond 

Coorte 

Aggregott 

Tolol 

Aggregote 

Coarse  Agg[A) 

7* 

1 • ■ (8) 

[ ■ '•  (C) 

"45^ 

6" 

12937 

. 5.366- 

-..Ml. 

^0ii9- 

_2,.65.. 

2.61 

l.(L.4. 

[1^4. 

5" 

■(D) 

55 

II 

6.562 

4‘ 

I""' 

'Sand 

*» 

l_6.268. 

.Qi19_ 

12^ 

n.5 

3* 

'Cement 

12895 

1.674 

!u4.a 

1.15, 

2 '/z' 

PoJAOlon 

17  OM 

0.717 

1267.9 

2* 

: Water 

4.293, 

1 

1 Irz' 

0 

A'r(  6.0.  on-l'/7) 

1..620 

r 

_66_ 

29.7 

^19-0 

'Totols 

27.0QQ 

1.  3786 

^4- 

28 

9 

47.^3,+ 

30.2 

W' 

4 

31 

66-1  f 

42^ 

! MIX  CHARACTERI.5.TICS 

J/o‘ 

25 

79  .fi  : 

5)  .0 

i WATER- 
1 CEMENT 
i RATIO 

Go'lons  per  bag, equivalent  cement 

6.43 

4 

1 

30 

96-7 

8 

I 

1 

■i 

8 

AS  7 

fci • • 

Q..U 

0*6i)5 

1 By  weight 

water 

16 

18. 

72^3 

cement  + pozzolon 

30 

27 

83.0 

ICement  foctor,  bogs/cu  yd(  Eg.  Sol.  Vol.os  PC ) 

5.0 

50 

?3 

. 

92  .0 

;Po2Zolon,%  replacement  by  solid  volume 

30.0 

100 

15 

9R-0 

iSiump,  inches  (2  - 

2 

PAN 

9 

100  .0 

inn  .0 

|Air  content  (Notel),%  (5,8  _ 6.0) 

__.5.5. 

F.  M, 



JUnit  weight,  Ibs/Cu  ft 

140.4 

PROJECT 

SNBTTISHAM  PROJECT 

ieieeding  ( Note  2), % 

5.5 

iSona  /oggregote,%  by  volume 

38.0 

^Temperature  of  plostic  concrete. *F 

67 

DISTRICT  Alaska 

1 STRENGTH  TEST  DATA  (comnresai. 

re  ) 

FINE  AGGREGATE 

Lab-prodiAced  granita  Band 
(Rodmill  product) 

! Age,  (Joys 

3 

7 

28 

'Strength,  ps  1 (average) 

^ 800 

1120 

2320 

COARSE  AGGREGATE 

Lab-cruahad  granita 

1 Age,  days 

90 

JStrength,  p s i (averoge) 

3420 

INOTtS 

< i !n  thct  portion  of  the  concrete  containing  aggregate  emoUer  thon  the 
inch  i'Cve. 

{ 2 Percgntoge  of  ffiiii  woter  seporotir>g  from  concrete  in  bteedmg  tett. 


I REMARKS  Mix  was  proportioned  to  approxime 
a 3.25  sk,  6"  max.  mix  with  plus 


aggregate  removed. 


CEMENT  Blended  Type  II,  LA.  Blend  of 
lj°  ^ equal  parts  Ideal  (Gold  Hill),  Oregon 
(Lake-Oswego)  & Fermanente  (Bellingham)  ! 


Comp  . Str  . PSI 


r 


Air  Slump 

3-DaY 

7-DaY 

2 8- Day 

90-Day 

5.8 

2 

790 

1070 

2320 

3350 

800 

1110 

2300 

3510 

6.3 

2^ 

760 

1100 

2280 

3330 

770 

1060 

2260 

3230 

5.8 

2 

840 

1150 

2350 

3560 

.. 

850 

1200 

2380 

3550 

i I’re-5  .4  2^ 

810 

2140 

3100 

S 

paked 

950 

1920 

3030 

Ogata 

lS2_ 

2030 

3070 

POZZOLAN 


Idealite  (Calcined  Shale) 
Great  Wostem  Aggregates  Co. 
Laramie , Wyoming 


A.E.A,  Lab  Stock  NVX  (Lab  No.  13076) 
ilfl-JCoZcUuiXi* 


OTHER  ADMIXTURE 


None 


MIX  NO.  13114 
CAST  5/14/65 


rug  2 0 1961J 

( Ofl»t  ) 


W/O  NO. 

64- CP- 188 


D.  L.  Hough t pn_ 


CA»e*.  Cexo*?  8«e»»fe 


NPO  RF  -acQ 
; APRIL.  61 


IfjtlL  /*' 


REPORT  OF  CONCRETE  MIXTURE  DESIGN 
METHODS  CRO-C  3 AND  10 

CC-cRS  Of  ENGINEERS  NORTH  PACIFIC  DIVISION  TESTING  LABORATORY 


I 


U.  S.  Department  of  Commerce 

Cr,.  L t,3)  NATIONAL  BUREAU  OF  STANDARDS 

WASHINGTON,  O.C.  20234 
. / .iiiliic  Divlclca  Lr.boratovy 

i:v.  L.  r.ar';,c.r,  Jircccor 

NATIONAL  BUREAU  OF  STANDARDS 

Cve,:^oa 


REPORT  OF  TEST 
PORTLAND  CEMENT 


S^iattle,  V.'aslilagton 

October  29,  1jC»  + 


Date: 
File  No. 


X BS  Test  No...^5.1tL!-d.'2'iJ Spccification....^.2n?r.95.^.5?.?j’..G'lL^Z^.'.52.5..*__'y  

Company Location Bin  No 

D..tos  Barrels  represented 

cl  Lfe^iaccro. 

'.'Lis  cement  docs r,icet  the  specification  requirements. 


S.\ J'pX  ; ' SOj  | SLO  SlOa  AljOo  Ff.-0a  + CnA 

•Seev  ^,‘A-  i % I % I “%  S I % C.  A % 

- - 1 1 I I % 


1 I C:,S 

AIjOd  I Fe-.-Oa  + 


c.,s  i ! -Si  : “MI*.  str..,^Tii  ' . V.;  Avm, ' 

V 1 r-  AS  I l-llSV-O.  IN.  'emu.  ^ , 

% I L.'AV,  N..O  1- X 1 !>’<■' '*,01. 

I ^ % I ^ DAT-  7 -^DAT  ' ‘“--A 


...J  i 

i 


i.:;}  G.l  i.':|  1.7  22.5  4.4  3.5  55  5.7  27  11  0.44  22di|  3270  &.4,  35'>. 

I / . *..’r[Dqv  i 


licnc  o 

765  - Id 
232  - Ci- 


(hr.  min.)  \ (hr.  min.) 


6:20  21-22 
23-24 
2S-26 
27-2S 
29-30 
31-32 


1 

Ilel-cr 

: Yoar  lA'itucr 

2u 

October  1?64,  h'i-CCh* 

1 

Citr.r^a  costa 

to 

96x4902  r.evjivlr!;;  ; 

1 

1 

X'v.lii»d  * 

A.CC  t . H-i  1.3.1 

.3, 

V?.  0.  62'CPCn-63.  ' 

Fioco:  2d  day  cuppicctcntary  report  will 
iollc'v.  i 


The  contents  of  this  report  are  (or  your  information  and  shall  not  be  used  in  advertising  or  sales  promotion  to  indicate 
cither  explicitly  or  implicitly  endorsement  of  tills  product  by  the  National  Bureau  of  Standards. 

Mil  lo'..  Oitutc  for  Applied  *l'e zintoic'yy » a\33.  L'ajoitttitou,  J.  C. 

■■•i.;;  •ic-r'."”!  b”  • Fra  5.3'/  2,  1C  I'c-v  6>.  for  the  Director  v"* 


a-  U.  A..  COVCR.-ilAE.NT  PSINTINO  OPPICE,  ISU«-?IO.OOI 


rr.'irtk  KV  j.iiiblade  ' 

Chief,  Seattle  L-jboratory 

Inorgontc  Building  Motoriols  S*<. 

Building  Rftstarch  Division  • 

r*  . y-y.  // 


'ic  Idnho 


-rr-.nti  North  racific  Division 


AGGRCGAT  E 
DATA  SHEET 


ION  Proposed  Granite-Chrioiso  Quarr;/’ 


__  . y S"'*- 

niie  ciownsti-cam  from  dam  axis,  loft  bank  Noilh  Pork  Cleanrater  Iclvor 


Undovcloped 


<.AMi>..t.n  av  "JjpiV  Poroonnol 


iui-('i)To«i  &ruoo~s  iddy  Dam  bh  Norl^' Fork  ~DlGorv.ate r idvo^  Id^o 


Laboratory  processed  in  Jarr  and  fryratory  erushors  and 


ifior. ^ Dulk _samplo  obbainod  by  blasting  faco  of 


■od-miil  and  rake  cla 


.Fi-LON.CA'.  (oiv/ATioN  AMD  \Gv  La rojiiido  Oi'Ogenlc  Epoch 


Cretaceous 


CM^OmC  (CMD-C  ‘0-'>)(CUM.  PA:>3IN0) 


CiULK  SP.  OR  , SAT  Su«f  DRY  (cno-c  107,100)- 


oncANic  iMPuninE 


PEin  CENT  llCHTCR  T»-tAN  M’  OH 


Pl.n  CLNT  fLA^  AND  LtONGATCD  (CRD*  C ll»»i^O) 


WLIGHTCD  AV.  LQ: 


AORAfMON  LOS: 


COAL  AND  U!GN!Tl^‘7n  (CRD'C  l?2) 


Rc.'v'Ma'L 


mortar -MAKING  RROPERTir.S  (CRD'C  Il6) 


RATIO 


LINF.AR  THERMAL  F^PArF^S’CN 


p/Rallcl 


ROCK  TVPC 


AVCRAgF, 


Quartz-.i-'eldsi:ar 

Gneiss  ’2.7 


Hard  Schdst 


MOHTAn 


riNE  AGCnCOATC 


COARSE  ACCBfOATt 


MORT.  <-OAa  F»AANSION  At  inor,‘7o  (CRO-C  liJV 


Mo.O  EOUIVALENT 


-Vo  Mo,0  LOUIVALENT 


.OUMONrS 


Ptod-jTiill 


COARSE  AOd  Ct-Tjsix)d  Gnoise 


COARSE  ACG: 


Pf  IROCRAPtltC  data  (CPO-C  I?7) 

called  granite  gneiss) 
hard  ccMst  that  does 
feldspar  rock 
biotito 

hoiTiblcnde  and  biotito, 
minor  accessory  minerals 
quartr,,  traces  of  accessories 
’particles  of  fresh  rock 


: Q'^%  medium  to  coarse  grained  gneiss,  10;?  fine  grains 

not  split  easily,  and  1^%  medium  to  fine  grained  quartz 
Gneiss;  plagioclase  feldspar,  20-30;?  homblende  and 

15-20',?  quartz,  and  10-15X  accessory  minerals.  Hard  schist:  40-50,? 

30-40'?  quartz,  and  10-20?  plagioclase  feldspar  and 
1.  Quartz- feldspar  rock:  60?  plagioclase  and  40? 

No  alkali-reactive  constituents,  /ar.qular 
, except  for  minor  hydrothennal  alteration,  ^nd  samo 


Shakor  T 


-A-j- 

VI. 

f .f.C 

aOO 

I2.76 

2.77 

Lo.. 

-0.3 

I — 

JL_-J 

i 

j—. 

j 

1.4^7 

5.0! 

17.4 

ill. 

i55_ 

105. 

I 

1 — 

;r85 

185  ; 

4 

^1 

V/E3  FORM  726  JAN.  1951 


ACCRCGATC 
DATA  SHF;(;'.r 


TJ ITIO 


TYPC  cr  M(\TLIII*L> 


PS^.  sui  l<L-^\PliufLJi'-L'^X OL, -^■■aXk-b.aaiiL  .lymrUx Jiu:k.,.CL^axavfaJ;i3ix..Pa,' 


:QQ-'  ^.ijei.Lquao:y_aiul  .buruiJilJi!Il-l- of. 


[iUir.i*^-.zx:'Ca 


I:>ysxA'tvolT.Q-n>sbm.  . Cip.o(D'j\.tiLj:_l',li.')x,„iil6hxi 


Luhorutory  p roc or.3od  In  .\r;i  v.i\ i. £y r fi t o rv  cru ^hfi rs  pr.j 


pRociissi^iv*.  ocroR 


I rod-will  aticl  o clnsairior.  (fiull-c  t;:'ir.p]o  ob  i:;i  inod  by  blpfi  Mni;  fnco  of  lqd.~o  I 
I roc’:  and  100  ton  bulk  satiplo  from  tunnel  excavation^  ip  1962  & 1Q6’^. i 


ctOLOO'C^L  roftN^ATiOKi  AND  AGE*  Orc’rino  Sorioc 


GHAOINO  (CMD-C  t03)(CUM  '’.'r,  .■*A55t^JG) 


TE5T  result 


rHiLH  AP,  Crt  , jA)  su«r  0‘<’r(C«r'-C  107,109) 


AnAC»<PT(ON,  OCP  CENT  iCIU  ••  r J07,I09)’ 


OnOANlf.  IMCuf'lT’E^,  El  NO  * C 120 


sort  PAnTifLLS,  pf p ci:uT  (roi>-c 


PEP  CENT  fl.AT  AJ'jn  -'OMC^ATEC'  r.COU-C  119. 1?0' 


AOMASIOtJ  LOr^!>  (1...  (CMD'C  '17) 


CLAY  LtMf'3,  ■^o  CCRD-C  11^. 


:aAL  AND  LIGNITE,*^'  tf  C 


.pfciric  Hc AT,  QTu/LfA/ocG.  F.<cnD-  Cu; 


I J.i!  ioo 


REACTIvnV  WITH  HoOH  I2A) 


MOmAlt-MAMUC.  PROPCOTIES  (CWO-C  110) 

TYPE..  Il,..CCMer)T,  KaTIO_,7 DP'O.-, 


LINtoP  rMfP'AA'.  CXPAN3IOW  XIO  "'OCC..  T,  (cno-c  iSJ.lif.) 


CCiAPSE  AOOM 


s<(»n*p-DAR  opanj.on  at  lOor.'To  Cenn-c  I23) 


.OW- ALA.  CL  WENT.- 0 , JS5'''P  Tlo,0  EQUIVALENT 


■i:QH-A1.K. cement:  O.Q72^n  No,0  EQUIVALENT 


1 OOUUCNEOS  IN  CONCHETF.  CC«0-C  40  114) 


coAPir,  AQci 


COAOSE  AQQi 


riN«  Aoc 


PETROQftAPMic  DATA  <c R 0 - c 12/):  H omb  1 eMcl 0 “'u i 0 1 1 tc “CjUu I" 1 2 diori 


to  gnoias' ( com'.only  ; 
gnoias):  6PX  rnodium  to  conreo  grained  gnoles,  10^  fiuo  graincq 
rit  do-,  n not  split  easily,  and  inediiun  to  fine  grained  quart?  ! 
Minc'T  amounts  of  garnet  rooV:,  marble,  and  basalt  dike  matorinl  1 
r.  Typlool  gneiss:  h‘}~3lv'’  plagioclaoo  f'jldsp'ir,  aornblcnfji 

qiini-t7,  and  10-l|3?i  nccoosoi'y  rninornlo.  No  alVoli-reactivo  i 
r'rnrili  rook,  oxcopt  for  rtinor  hydrcthermal  oltoraticn  and  woath- [ 
facE'.  Sand  has  '^0%  diaorcto  mineral  grains  of  wMch  iS  art'  free 
.fo.jeot  to  mixiM'-rrlnding  dua  to  cleavnblo  foldaper  and  laice.  i 


riVEir  bank  quarry  sitci;  rest  of  iJata 
do*  Sand  Boffc  by  NlPD  Shakor  lest. 


fn.  t4A»^K:.' 


/iiS  FORM  720  JAiN.  tE>3l 


nOLK  -TYPE 

jN  , 



1 

Hn)*d  Schist 

.J*5  .-P.3...U 

'3A.e  J 

baar5a.Jin.el0a 

'**1 



_3a£_J 

1 


tr  f * 


Mix  No.  A-2 


MIX  data 


material 

1 

I 

■ ■II. M 'Um 

CVi. 

SAMPLE 

NO. 

SOLID 

VOLUME 

CU  ft 

WEIGHTS 

S.S.D. 

lb 

BULK 
SP.  GR. 

ssa 

X 

ABSORP 

i " " ■ (iil) 

3.11 

117.78. 

It 

.-ia85 

5 -185 

...a86._ 

893 

2*74_ 

L2-.76 

0*3 

13*3. 

j ■'  ’ ‘C) 

2.0. 

M 

_3.44l|_59Q 

4*74- 

,0*3 

10*8 

1 " • (D) 

20. 

II 

4 449!  385_ 

2.72.. 

|S.-;nd 

M 

4I426J  7-51  12.72 

fXU4 

j^Cerr.enf 

!Pc:rolon 

1207-8 

Aonr-iL 

_uo8a42i3.a 

O.Zl6AI  74-1 

,3.15 

. 

7 -55 

j V.'.:iei- 

2.742 

171, Ij 

• 

1.010 

iTutclii 

L27-^Q-0-Q. 

4164 

MIX  CHARACTERISTICS 


Vi’ATER-  1 Gallons  per  bog,equivolent  cetneni 


1 CEMENT  iBy  weight, J 

I RATIO  ! By  weight. 

(Cement  factotj  bags/cu  yd(  Eg.  Sol.  Vol  os  f?C. ) 
fpo2zolan,%  replocemenl  by  solio  volume 


Slump,  inches 

'■  . C5 . 8-  6 .6^ 

^’1'.,, .'!i 'qiit.  ibs/cu  ft  (■ihcQ r e tic al).. 
Bleeding  (Note  2),% 


[ So ni^/c^gnsgol e , % by  volume 

I TenpefOluf e of  ploslic  concrete. “E 


6.32 


0.56 


2 


_6.2_. 
_154.QJ 
__3.5_ 

67 


I strength  test  DATA 


jAge.jioyj,  

I Sirenglji , pij^  i (overoge)|  g4Q 

jAqe,  doys 90.. 

[strength,  p s i (averoqe)|  3640 


Comproafllva  ) 


J,05Q_ 

.180_ 


4020 


__.28_ 

_227.Q_ 

_365_ 

4480 


1 NOT  ESI 

{ s in  thot  portion  tht  concrett  contoining  oggregote  ihon  the 

irch  sieve . 

! 2 Pe'ccntoge  of  mui  woter  separot*ng  from  concrele  m bleeding  test. 


REMARKS  Compressive  strengths  are  aver- 
: age  of  six  cylinders:  two  from  each  of 
I three  batches. 


SIEVE 

SIZE 


7* 


HA) 

6‘to3' 


6’ 


5" 


..i’JAh. 

3'l2Q_ 


■lyz 

'hZ' 


I W 
f 

'a 


I 6 


30 


50 


100 


PAN 


F.  M 


SCREEN  ANALYSES-y.  RETAINED 
n 


NOMINAL  SIZES 


24. 


(B) 

31ol!rz‘ 


2L3- 


.34. 

.28- 


(C) 

j 

iiasSi 


(0)  ■ 

!y  lo*4 


JO. 


Ji. 


.38- 


-28- 


.24 


Sond 


I 

I 

Coorse  ' Told 
lAggregote  Agg-egote 


49- 


-21- 


16 


i§- 

Ik. 


IfiL 


COVeiNED 


.U6. 


22.5- 


J28.5. 


-39^. 
-50  U- 


_0. 

_1.3.., 

—6.9.. 

-22.7.- 

.31.3.. 


-59..7.-4-  47<.6  . 
-71.2 -1-36. 6 _ 
-Z9A.0-.i-62.9_ 

.8a.0.J--704l_ 

-9AoQ_U.74.3_- 
-99o2._i_75oQ  J 

!_23oQ— ! 

U.88.3._ 

L91.4 

^^_95,0_ 

L.93.0_| 

UP.g.,P. 


mjL 


PROJECT 


BRUCES  EDDY  DAM 


district 


FINE  aggregate  Laboratory  produced  granitu- 
gneiss  sand;  50/50  blend  of  No.  4 - Ko,l6 


COARSE  AGGREGATE  Laboratory  crushed 
granite- gneiss 


I CEMENT  Blended  Type  II  cement,  257, 
each,  Ideal,  Lelxi^,  Oregon  and 
Permanente  [ 


P0Z20LAN  Idcalite  (calcined  shale) 
Great  Western  Aggregates  Company, 
Laramie,  Wyoming 


A.E.A.  Lab  Stock  NVR,  (ji'll356) 
A26  cc/ou.ydo 


OTHER  ADMIXTURE 


None 


I • 


NO^  12128 
CASfl/28763 


|\UG  2 0 1965 

( F)’'**  A*  I 


W/0  NO. 

62-CPCh-68 


BORGE 


II.PD  RP  -ICQ 
AP?»IL  € I 


11 


REPORT  OF  CONCRETE  MIXTURE  DESIGN 
METHODS  CRD-C  3 AND  10 

CORPS  OF  ENGINEERS  NORTH  PACIFIC  DIVISION  TESTING  LABORATORY 


J 


Uix  No.  C.2 


MIX  DATA 


SCREEN  ANALYrrc-y,  RETAINED 


Coorse  Aqq(A)  

• “ (3)1 

• • 1C)  j;o_ 

‘ ‘ <D)f5;o 

Sond 

j Cement 

jPoz;olon 

|Woter 

lA.rCi.O*/.  on-lVz 
iTotals 


jsAMPLE 

1 NO. 

SOLID 

VOLUME 

cu  It 

tl 

n 

7.2B3 

12078 

:1.674n 

12064’^ 

O.II7J 

4.218 

1,620 

< 

7.000 

NOMINAL  SIZESv 


BULK 

SIEVE 

lA)  (B)  (C) 

(0)  ■ 

SP.  GR. 

**  V) 

S.SD. 

s 

SIZE 

6*Jp3*  3‘|oI'/2 

)aIo4 

COMBINED 


Coort*  Totol 
iggregole  Aggregote 


2.74  0.3 
2.72  0.8 
2.72  oTg 

2.58 


MIX  CHARACTERISTICS 


WATER-  Gallons  per  bog, equivalent  cement 

6.32 

CEMENT  By  weight,  * " 

0.56 

RATIO  By  weight,  ^ poy.gign 

0.594 

Cement  foctor,  bogs/cu  yd(  Eq.  Sol.  Vol.os  PC. ) 

5.tO 

Pozzolon,%  replacement  by  solid  volume 

_^Q.o_ 

_0 0__“ 

3.0  1 1.3 

23.0  14.1 

^7«5lL2P.l_ 

70.0  ' 42.9 

_^_iP4_52.p. 


Slump,  inches 2 

Air  content  (Notel),  % 5.8 

Unjt  weighty  Ibs/^ciMt 144.7 

^leodinj  [Note  2),% 

So_n^  /oggregote,%  by  volume 40.0 

Temperoture  ol  plostic  concrete. *F OO  

STRENGTH  TEST  DATA  (Conorosslve  ) 

Age,  boys 3^ 2 28 

Sire ngih,  p s i(gveroge)  840 T^1  20  2320 

Age,  doys 90 iSO 36$ 

|Slrength,ps  i(overoge)|  3700  

[NOTES: 

I l^ln  that  portion  of  the  concrete  contoining  oggregote  smotler  thon  the 
jl'/2*-  inch  Sieve. 

i 2 Percentage  of  mm  woter  separating  from  cortcrete  in  bleeding  test. 
____ 

l-lfii  version  of  Mix  A-2 


_25 

_16  

JL^ 

_14 

lb  100.0 


Ol  .> 

__77.4_ 

100.0 


PROJECT 


BBJCES  EDDI  DAM 


AUG  2 0 1868 


0.  E.  BOHCE 


jNPO  RP 
I APPiL  61 


359 


REPORT  OF  CONCRETE  MIXTURE  DESIGN 
METHODS  CRD-C  3 AND  10 

CORPS  OF  ENGINEERS  NORTH  PACIFIC  OlVISION  TESTING  LABORATORT 


DISTRICT  Vfalla  Walla  (£-278) 

FINE  AGGREGATE  Laboratory  produced 
granite-gneiss  sand;  50/S0  blend  of 
No,  4 - No.  16  and  minus  No.  16 
COARSE  AGGREGATE 
Laboratory  crushed  granite-gneiss 


CEMENT  I 

Blended  Type  II  cement,  2$JS  each,  | 

Ideal,  Lehigh,  Oregon  and  Permanente  ! 

POZZOLAN  i 

Idealite  (Calcined  Shale)  Great  vrestei-n  l 
Aggregates  Company,  Laramia,  S^yoming  { 

4 g Lab.  stock  NVR  (#11356) 

320  cc/cu.yd. 

OTHER  ADMIXTURE  ^ 

None  

MIX  NO.  12258  W/0  NO. 

CAST  4728/63^  62-CPCh_68 


1 LAOORATORV; 

REPORT  NO.: 

Ivicloual  Bureau  of 

REPORT  OF  TESTS 

ON  POZZOLAN 
(CRD-C  Z6Z) 

MS-0900 

L a uUwi  x*cla 

; So-A  L le  , Washlu^^con 

DATE; 

21  December 

196i 

A ! Calcined  Shale 

Great  '.•/o.t.irorn  Co.,  Wyoratnn 


w’D  Laboratory  D\Jorsliak  Dam  concrete  Investigation 


OATC  IAM^LCO 


CAR  NO.; 


^leuD  sample  no.: 


DATE  RECEIVED; 

27  Kovcir.bor  1962 

CONTRACT  NO.; 

LAO  SAMPLE  NO.: 


LAB  joa  NO.: 


12064 


62-CPCh-68 


Quantity  represented  i »ooo  t or  less):  Knr Wq 

■ N6S  Lab  . , Scat  tic,  Washington 

CmECKEO  OY: 


TESTS  ON  COMPOSITE  SAMPLES  REPRESENTING  1000  TONS  OR  LESS 


S,0,  .A.,0, 

I 

i ..  . • . 1 

MgO 

\ 

SO, 

% 

AVAILABLE 

Alkalies 

% 

POZZOLAN 

STRENGTH 

% CONTROL 

1 

INCREASE  IN 

SHRINKAGE 

% (0) 

AUTOCLAVE 

expansion 

% 

REDUCTION  IN 

EXPANSION 

\ lb) 

i 

REQUIREMENTS 

1 MIN  70  0 

MAX  5-0 

MAX  4.0 

MAX  t.S 

MIN  7S 

MAX  0.03 

MAX  O.SO 

MIN  75 

I 0.3 


J. 1350.„1_--35- 


9lC  only  to  class  n 
..  »»:  O'jirement 


l.i;  cation  of  ccricnt  used  in  teats,  NPD  Lab.  No.  12078 


lOi 


L_ 

( ' 

i 

1 

i 

1 ' 

i 

' i 

i i , 

i 

j 

--I 

r r 1 

1 1 ' 

1 

1 

! 

' * 

L , 

1 ' 

r ’ 

i 

— 

■ 

■ 

; , 

i ! 

1 5 

1 I i 


1 

♦ 

1 

" t 

— — 1 

■ 

■ 

“1 

I 

1 

I 

; 1 

1 1 

' ~ 1 
i 

FAST  CYCLES  OF  FREEZING  AND  THAWING 


DFE  AT  MO.  cycles 
300  CYCLES  REL  e = 50% 


RE  MARKS 


SNETXISHAM 


DISTRICT  Alaska 


FINE  AGGREGATE 

Rod-mill  sand  processed  from  blasted 
Granite  Ledge  rock  sample. 

C OAR  S E " A G G R E G AT  E “ 

Crushed  gravel  processed  from  blasted 
Granite  Ledge  rock  sample. 


vy-'o  NO. 

64-CPCh-188 


plot  ted 

jp 

Checked 

OEB 

30  Apr  65 


RESISTANCE  OF  CONCRETE  BEAMS  TO  ACCELERATED 
freezing  AND  THAWING 

CORH.S  or  FrjGINEEHS  north  pacific  division  TESTING  LAUORATORY 


ADUKl  SS  Nl  HtY  TO 
Omi  C10H 

NOr  TO  INDIVIDUALS 


U S.  ARMY  ENGINEtR  DIVISION.  NORTH  PACIEIC 
CORPS  OF  ENGINEERS 


NORTH  PACIFIC  DIVISION  MATERIALS  LABORATORY 
RT  2.  BOX  12A 
TROUTDALE,  OREGON 


NPDEN-GS-L  (64-CPCh-188)  20  August  1965 

SUBJECT:  Snettlsham  Project,  Report  of  Laboratory  Investigations  of 
Granite  Ledge  Rock  Sample 


TO:  District  Engineer 

U . S . Army  Engineer  District , Alaska 
ATTN:  NPAEN-FM 


1,  Reference  is  made  to: 

a.  Your  letter  of  6 January  1965,  subject:  "Letter  of  Transmittal 
to  Accompany  Concrete  Aggregate  Materials"  applicable  to  a 3600  pound  sample 
of  rock  received  at  this  laboratory  22  December  1964. 

b.  Reports  forwarded  under  cover  of  our  letters  of  29  January 
and  7 May  1965, 

2.  Attached  is  report  which  Includes: 

a,  NPD  Form  359,  Report  of  Concrete  Mixture  Design,  with  concrete 
strengths  through  90-day3  age  for  1%-tnch  maximum  size  aggregate  mix  NPD  Lab. 
No.  13114. 


b.  NPD  Form  359  for  Dworshak  Dam  6-inch  mass  mix  No.  12128. 

c.  NPD  Form  359  for  Dworshak  Dam  mix  No.  12258,  a 1^-inch  max 
version  of  6-lnch  mass  mix  No.  12128. 

d.  NBS  Report  of  Test  Portland  Cement  for  lab  stock  blended 
cement,  NPD  Lab  No.  12895,  used  in  the  Snettlsham  mix. 

e.  ENG  Form  6000R,  Report  of  Tests  on  Pozzolan  for  pozzolan  NPD 
Lab  No.  12064,  Idealite  (calcined  shale)  which  was  used  in  the  Snettlsham 
and  Dworshak  mixes. 

f.  First  quarter  report  of  the  alkali-aggregate  reactivity  mortar 
bar  expansion  tests . 

3,  Since  laboratory  stock  of  Snettlsham  aggregate  was  limited, 
particularly  the  plus  1%-lnch  sizes,  a 6-inch  mass  mix  could  not  be  batched 
for  this  study.  However,  a 1%-lnch  maximum  aggregate  mix  was  proportioned 
on  the  basis  of  a 6-lnch  mix  with  the  plus  1%-inch  aggregate  excluded.  Data 


NPDEN-GS-L  (64-CPCh-188)  20  August  1965 

SUBJECT:  Snettlsham  Project,  Report  of  Laboratory  Investigations  of 

Granite  Ledge  Rock  Sample 

for  this  mix  No.  13114  Is  given  on  an  attached  Form  359.  To  give  you 
additional  Information  on  this  batching  technique  we  have  attached  mix  design 
data  for  two  Dworshak  Dam  mixes,  Nos,  12258  and  12128  In  which  this  method 
was  used.  Mix  No.  12258,  a l?2-lnch  maximum  mix  was  designed  to  be  the 
equivalent  of  mix  No.  12128,  a 6-inch  mix,  with  the  plus  l-’i-lnch  aggregate 
excluded.  The  study  was  made  to  see  the  correlation  In  strength  of  the  two 
comparable  mixes  having  different  maximum  size  aggregates.  This  D\i7orshak 
mix  data  has  significance  with  regard  to  the  Snettlsham  investigation  in  that 
the  aggregates  of  the  two  projects  are  similar  in  physical  characteristics. 

It  Is  Interesting  to  note  also  that  to  date  strength  developing  characteristics 
for  these  mixes  having  similar  water  cement  ratios  are  relatively  equivalent. 

The  Snettlsham  mix  was  batched  by  two  methods,  the  conventional  NPD 
method  using  air-dried  aggregate  and  a newer  pre- soaked  aggregate  method. 

In  the  conventional  method,  air-dried  aggregates  having  a knovm  moisture 
content  are  weighed  and  batched  into  the  mixer.  Net  aggregate  absorption 
during  mixing  and  plactic  test  period  Is  allowed  for  on  the  basis  of  70 
percent  of  the  24  hour  net  absorption  value.  For  the  pre-soaked  mixes, 
air-dried  aggregates  having  a knovm  moisture  content  are  weighed  and  soaked 
in  water  overnight . Aggregate  batches  are  then  drained  and  accurately 
weighed  prior  to  charging  the  mixer.  Increased  aggregate  batch  weight  re- 
presents absorbed  and  free  moisture,  and  the  difference  between  that  and 
the  total  prescribed  batch  water  represents  water  to  be  added  to  the  mix. 

4,  Results  of  the  mortar  bar  expansion  tests  are  Inconclusive  at  this 
time.  Six  months  results  should  indicate  a definite  trend, 

5.  The  second  quarter  report  of  the  alkali-aggregate  reactivity  mortar 
bar  expansion  tests  will  be  forv/arded  about  20  October  1965. 


4 Incl  (In  dupe) 

1.  NPD  Fm  359 's 

2.  NBS  Rpt  Portland  Cement 

3.  ENG  Rpt  Pozzolan 

4.  First  quarter  rpt,  MBE 


L.  BAF(GAR 


Director 


2 


NPDEN-GS-L  (64-CPCh-188) 


SNETTISHAM  PRO, 


Set  No. 
12955-1 

12955-2 

12955-3 


* Note: 


REPORT  OF  ALKALI-AGGREGATE  REACTIVITY  Md 


Expd 


Cement  * 

Aggregate 

8 -Day 

1-Mo. 

2 -Mo, 

3 -Mo. 

High  Aik. 

Lab-processed 

0.005 

0,009 

0,012 

0,012 

Low  Aik. 

0.001 

-0.002 

0 

0.005 

High  Aik. 

0.003 

0.005 

0.008 

0.011 

Low  Aik. 

-0.001 

0 

0.002 

0.008 

High  Aik. 

0.001 

0.005 

0,012 

0,012 

Low  Aik. 

-0.001 

0.004 

0.007 

0.011 

Alkali  content  of  cement  expressed  as  percent  Na20:  High  Alkali  0.972 

Low  Alkali  0.385 


! 

1 

] 

I 
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PART  5 CONCRETE  AGGREGATE  - COST  STUDY  A,  B a C 


SUBJECT. 


CORPS  OF  ENGINEERS 
ALASKA  DISTRICT 
ANCHORAGE,  ALASKA 


SHEET  NO. 
riLC  


/p£?s//L/ r/oA/  rcPjTTS: 


/Ooz-dT/? 

^jPoA/r  £r//£>  ^cP/IO£-f2 
r i^i^r  A'  , ^ ^2 
C opi/syojz 

OA/l/£rYZ>/Z 

C PiJ-ffAG-ZZ 

P^^Pc/eirtTA/zA/cr  P^/iA/r 

(^//rAr^,  P/p^s,  Sc'^y//£^/}DS 

js/}e(;r£^ 


W£'/(^A/r 


7^, 

^7, 
^ o, 


o o 
o o 
<p  o o 
J o o 
o o o 
, o o O 
, o o o 
,ooo 
o o o 
oo  o 
, o o c> 


P0  7~^(_  izY7~> 


<r  7^,  Z o CD  c/SX 


TX/^pxPaer:  Cosr  ^ 3.^P^//ao 


/r,x-f7  y 


70/10  ^($>(//P/7.  /^r  yy/Po  /)A/o  M^s/z  rcDS/^Pcrs- 


/o /7P//  o/f/x  (p  '^///p 

/(^tO  y y.  oo  ^ 

rP/A/s  p(Dpr'4T/(-:>A/  r»oyr- 

c/pzo^o  yyp  pp--/isx£Fp/sz<r  xcpp/p/y. 

/p  - 30  (p  -c  9p  st/pp. 


<7  CD  ^ 


/ y'  C>  O 


9<^  y 3(0  K-  XT  9 7 


- / 7.  / ^ ^ 


CzP4/P 7 //PS.  f A/C.  p /£,7-e9i,  - /ZP^zf-  y./SPZ^  7,  4-  7 7 


Yc?rDZ/.  ///cDc^//.  CcpC  r 
Z/pp'O/;.  co^cr  7X  TZ 
/-^rypc  //Ad)S/C  / O/'/f'PXD/. 
N0v/|96I^  IS0O  (R*tf.)  Prdviou*  •dlflont  obtoitti. 


3 7^  y 
3 0,^  p 9 y 

7o,  & Z ^ 


:oMR CORPS  OF  ENGINEERS 

:hko. ' ALASKA  DISTRICT 

ANCHORAGE,  ALASKA 

SiiR.iPr.T  -^^^rr/^f/4/7;  S-oo'/?(r^  '*  b 
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DIVING  RECONNAISSANCE  IN  LONG  LAKE,  ALASKA 


Report  to 

The  District  Engineer 
Department  of  the  Army 
U.  S.  Army  Engineer  District,  Alaska 
Corps  of  Engineers 
Anchorage,  Alaska 


Submitted  in  partial  fulfillment  of  the  requirements 
as  stated  in  contract  DA-95-507*ClVENG~66-ll  (NEG)  by 
Erk  Relmnltz 
September  12th,  1965 


DIVING  RZC0NNAISSAi:C2  IN  LONG  LAKE,  A.LASKA 


Erk  Reiir.nitz  and  Neil  F.  Marshall 

In  the  last  v;eek  of  A.ugust,  1965,  an  undenvater  geologic 
reconnaissance  near  the  outlet  of  Long  Lake,  Alaska,  was  under- 
taken. SCUBA,  underv/ater  television,  photography,  and  other 
methods,  were  employed  by  two  diving  geologists  for  the  purpose 
of  extending  geological  studies  of  the  area  to  the  lake  bottom, 
in  order  to  aid  in  the  evaluation  of  its  outlet  as  a potential 
dam  site  for  a hydro-electric  plant. 

Regional  setting. 

The  dominant  rock  type  found  in  the  Long  Lake  area  is 
quartz  diorite,  associated  with  some  schist  and  gneiss,  all  of 
v;hich  are  highly  resistant  to  erosi.on. 

Long  Lake  follows  the  regional  geologic  trends,  parallel- 
ing many  of  the  islands,  channels,  and  inlets  of  Southeastern 
Alaska.  Its  present  topography  is  largely  due  to  erosion  by 
glaci>_rs  which  covered  most  of  the  area  during  the  last  major 
glaciation  (Wisconsin) . Thus  the  shape  of  the  basin,  with  the 
steep  flanks,  the  basement  high  at  the  outlet,  and  its  hanging 
relationship  to  the  major  drainage  system,  is  characteristic 
for  regions  affected  by  alpine  glaciation.  However,  the  pos- 
sibility that  the  natural  dam  across  the  outlet  represents  a 
landslide  deposit  needed  further  investigation. 
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It  is  clear  that  in  this  area,  both  on  the  mountain 
flanks  . -.d  on  the  lake  bottom  (see  bathymetry),  the  topography 
has  hardly  been  modified  by  deposition,  suggesting  that,  after 
the  ma::imu.:.  extent  of  the  ice,  its  retreat  was  fairly  rapid. 
Sheer  mountain  sides  bearing  glacial  striae  visible  from  dis- 
tant vantage  points,  and  the  lack  of  soil  and  vegetation  over 
large  areas,  suggest  that  deglaciation  in  this  valley  has 
taken  place  later  than  in  the  region  as  a whole. 


Results  of  the  present  investigation. 

Diving  reconnaissance  was  concentrated  in  two  areas: 
that  of  the  proposed  intake  location,  right  abutment,  and  that 
of  the  steep  slope  of  the  natural  dam,  south  of  the  southern 
branch  of  the  outlet  (see  map) . 

Diving  at  the  proposed  intake  location  showed  that  the 
—aooth,  sheer  rock  face,  found  on  the  mountain  side  above  the 
present  lake  level,  continues  to  slope  at  an  angle  of  about 
45®  to  a depth  of  at  least  130  ft.,  and  the  depth  contours  on 
the  survey  map  suggest  that  this _f ace  continues  to  the  bottom 
at  a depth  of  about  200  ft.  Several  high  angle  joints,  exten- 
sions of  those  on  the  mountain  side  above,  were  encountered 
below  the  water.  Aside  from  two  small  pockets,  which  had 
collected  some  debris  (Fig.  1) , it  was  found  difficult  to  even 
get  a hand  hold,  and  consequently  any  coarse  material  eroded 
from  the  mountain  side,  or  supplied  by  ice  rafting,  by-passes 
this  area  and  is  deposited  at  the  very  lake  bottom. 

A papier-thin  layer  of  brownish  mud  covers  the  slope,  so 
that  on  touching  it,  a visible  mark  is  left  on  the  rock.  The 
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abserics  of  such  natural  marks  suggests  that  very  little  material 
is  presently  traversing  the  steep  slope. 

In  some  areas  dark  colored  streaks  were  found  to  extend 
for  several  inches  dov/nslope  from  small  surface  irregularities. 
These  appear  to  be  discolorations  of  the  rock  surface. 

Glacial  striae,  similar  to  the  ones  seen  on  the  mountain 
side  above  in  this  area,  were  also  observed  below  water,  and 
were  ^und  to  slope  upward  toward  the  lake's  outlet  at  an  angle 
of  approximately  20  to  25  degrees . 

The  upstream  boundary  of  the  rubble  found  in  the  southern 
corner  of  the  lake,  was  located  at  a depth  of  125  feet  and  fixed 
by  release  of  a buoy.  (Note:  the  preliminary  position  plotted 
by  surveyors  on  the  contour  map  shows  a depth  of  about  85  feet, 
and  thus  should  be  checked.)  This  boundary  extends  upward 
at  an  angle  of  about  45®  to  the  countour  lines,  to  a depth  of  at 
least  75  feet  (see  Fig.  1).  The  thickness  of  this  rubble,  which 
consists  largely  of  angular  blocks  of  gravel  and  boulder  size, 
with  little  mud  and  a few  branches,  was  no  more  than  a foot  near 
the  boundary,  and  its  surface  had  approximately  the  same  slope 
as  that  of  the  rock  face.  Here  too,  the  absence  of  tracks 
caused  by  sliding  debris  on  the  smooth  _r<^k  surface  above  indi- 
cates  that  present  rates  of  supply  are  low. 

In  the  investigation  of  the  upstream  face  of  the  natural 
dam  across  the  outlet,  several  interesting  observations  were 
made : 

a)  Portions  of  this  cliff  are  overhanging. 

b)  Gldcial  striations  and  broad  gouges  trend  vertically 


4 


scrolls  tho  steep  cliff. 

z)  Lev;  ar.gle  joints,  similar  to  those  noted  on  the  dov/n- 
stream  side,  are  found. 

d)  The  entrcmely  soft  sediment  fill  at  the  foot  of  the 
cliff,  resting  at  the  angle  of  repose,  is  littered  with  sticks, 
hra.nchcs , _and  large  trees . 

Tha..a  observations  v;ill  be  treated  in  some  detail. 

The  upstream  face  of  the  natural  dan  across  the  lake's 
outlet,  v;ell  rounded  in  the  upper  reaches  by  ice  action,  boconas 
steep  to  vertical  at  a depth  of  about  15  feet,  and  in  some  places 
is  overhanging  below  about  30  feet  (see  Fig.  2) . Its  surface  in 
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Glacial  striations  can  be  observed  on  the  face  of  the 


natural  dan  to  a deoth  of  50  feet.  The  deeper  occurrences  v:ere 


noted  near  the  outlet, 
ations  consist  both  of 


v;hare  the  cliff  is  not  overhanging.  Stri- 
v;ell  defined  grooves  and  ridges  and  of 


broad,  elongated  depressions.  They  either  traverse  the  face 
vertically,  or  point  tov/ard*the  lowest  section  of  the  dan  near 
the  outlet. 


Based  on  the  above  observations  the  following  conclusions 
seen  justified:  The  nQtural_^ain _across_th^  outlet  of  Long  Lake 
is  not  th^  result  of  landslide  action,  nor  of  tectonism.  Its 
location  could  bo  controlled  by  one  or  more  small  fracture  rones 
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urcr.vlir.g  across  the  lake,  or.e  of  v/hxch  coincided  with  the  up- 
strear.'.  face.  During  che  niaxirriUin  extent  of  -tne  ice  the  dan  as 
a resistant  rock  unit  v/ithstood  its  pressure  and  abrasive  forces 
deflecting  the  r.cving  ice  mass  up.-;ard  by  about  200  feet.  This 
is  further  substantiated  by  the  previously  mentioned  upward 
trending  glacial  striae,  at  the  projjosed  intake  location,  right 
abutment , 

The  low  angle  joints  in  the  upper  portions  of  the  dam  are 
thought  to  be  due  to  pressure  release  associated  with  the  retreat 
and  unloading  of  the  ice  (personal  communications  with  Konr.an 
Dixon) . They  are  discontinuous  and  undulating,  where  exposed. 

Observations  and  measurements  mad^  on  jyie_joints__bel^pyL_lake 
level  show  that  they  are_  quite  similar  to  those  on  the  downstream 
face  (Fig.  3) . The  lowest  one,  consisting  of  several  individual 
fractures,  was  found  at  a depth  of  about  50  feet.  The  joints  in 
some  places  are  tight,  in  others  open  by  about  6-10  inches  due 

to  erosion,  but  alv;ays  closed  at  a depth  of  about  one  fqqt_  f rom 

the  face  of  the  cliff.  One  joint  was  found  to  pinch  out  at  a 
place  where  another  one  started  at  a slightly  lov;er  level.  Ano- 
ther one  still  ended  in  a set  of  very  small,  sub-parallel  frac- 
tures. 

The  pattern  of  the  major  low  angle  joints,  as  found  on  the 
upstream  face  of  the  dam,  projected  onto  a vertical  plane  para- 
llel to  the  dam,  is  indicated  in  Fig.  3.  The  joints  were  not 

traced  for  their  full  length,  partly  due  to  the  poor  visibility 

c.. countered  in  the  lake.  In  the  lower  portions  of  the  natural 
dcun  .CO  apparent  trends  vjere  noted  to  the  jointing. 
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Bolov;  a depth  of  about  75  feet  the  face  of  the  rock 
v/all  is  covered  by  a v;edgo  of  sedmer.t,  which,  in  a drill 


thick.  Angular  boulders  and  slabr,  up  to  2 feet  in  dia;r.-eer, 
were  encountered  on  the  surface  of  this  v.'cdge,  besides  mater- 
ial of  gravel,  sand,  silt,  and  clay  sice.  Because  of  the  high 
content  of  silt  and  clay,  hov/ever,  a field  term  for  this  ma- 
terial might  be  soft,  gravelly  mud  with  some ' boulders . In 
fact,  the  high  silt  and  clay  content  makes  this  material  so 
soft  that  a diver  can  easily  penetrate  it  up  to  the  shoulder 
v;ith  his  arm.  A sample  was  collected  and  given  to  the  chief 
geologist  of  the  project,  but,  as  some  of  the  finer  fractions 
v;ere  v/ashed  out  during  the  operation  and  later  ascent,  it  may 
not  be  representative.  The  presence  of  niamerous  twigs, 
branches,  and  even  trees,  in  this  sediment  is  striking.  One 
complete  tree  with  a diameter  of  about  one  foot  at  the  butt, 
was  found  at  a depth  of  105  feet.  Of  the  area  traversed, 
about  one  fifth  was  covered  by  wood  debris.  Tv;o  wood  samples 

were  collected  and  given  to  the  chief  geologist  for  possible 
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C analysis.  Such  age  determinations  would  throw  light  on 
the  rate  of  accvunulation  for  wood  debris  in  this  area.  We  be-' 
lieve  that  this  type  of  material  would  pose  no  problem  in  the 
operation  of  the  hydro-electric  plant. 

The  mechanism  of  accumulation  for  the  sediments  at  the 
foot  of  the  cliff  is  not  too  well  understood.  Since  the  dam 
itself,  except  for  its  undercut  portions,  could  not  have  con- 
tributed significant  amounts,  the  source  must  be  looked  for 
elesewhere. 


The  smooth  rock  surfaces  at  the  intake  location,  right 
abutment,  extending  to  the  lake  bottomr  as  well  as  the  relief 
of  the  bottom  in  this  area,  attest  to  the  slow  rates  of  depo- 
sition in  the  lake  as  such.  It  seems  conceivable,  however, 
that  floating  wood,  ice,  and  possibly  avalanche  snow  with  in- 
corporated sediment,  is  gathered  by  wind  against  the  outlet, 
and  that  therefore  rates  of  deposition  here  are  higher  than 
elsexvhere  in  the  lake.  To  establish  this  point,  wind  patterns 
should  be  defined  as  well  as  observations  made  during  breakup 
of  the  ice. 

Another,  perhaps  more  likely  explanation  for  the  greater 
bulk  of  the  fill,  has  it  consisting  of  glacial  drift,  deposited 
against  the  dam  during  a time  when  the  retreating  icefront 
stagnated  for  some  time,  or  perhaps  even  readvanced  slightly. 
Since  the  lake  was  filled  with  water  since  the  ice  cleared  its 
lower  portions,  the  undercut  relationship  of  the  natural  dam 
is  difficult  to  explain  by  any  mechanism  except  ice  plucking. 

Miscellaneous  observations. 

A number  of  miscellaneous  observations  made  during  the 
diving  may  be  worth;i?hile  mentioning. 

The  water  temperature  in  the  lake  was  about  38®  F.  During 
the  diving  operation,  visibility  near  the  outlet  was  extremely 
poor.  Daylight  did  not  penetrate  deeper  than  25  to  30  feet. 

A large  amount  of  fine  suspended  matter  was  noted  in  the  water 
and  possibly  was  due  to  the  drilling  operation  in  the  lake. 

.^ear  the  intake  location  at  a depth  of  about  70  feet,  the  water 

« 

became  clearer  and  visibility  with  the  aid  of  the  TV  light  was 


10-15  feet,  but  daylight  did  not  penetrate  the  upper  dirty 
layers  of  the  v;ater. 
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No  currents  v.’ere  noticed  on  the  lake  bottom,  even  near 
the  outlet.  The  branches  and  twigs  found  on  the  bottom  support 
ridge  of  fine  sediment,  v;hich  is  easily  put  into  suspension 
on  touch,  and  then  very  slowly  settles  to  the  bottom. 

The  only  indication  of  life  in  the  lake  were  some  small 
cemented  sand  tubes,  up  to  one  inch  in  length,  found  at  depth 
hanging  along  cracks  in  the  rocks. 

Part  of  the  diving  operation  involved  the  retrieval  of 
a 70  foot  long  section  of  drillers  pipe,  which  had  been  lost 
near  the  drilling  barge. 

Conclusions . 

The  diving  reconnaissance  in  Long  Lake  showed  that: 

I 

a)  The  natural  dam  across  the  outlet  could  not  repre- 
sent  a slide  block  since  it  existed  during  the  last  glaciation. 

b)  The  set  of  low-angle  joints  extends  to  the  upstream 
face  of  the  dam,  and  appears  similar  to  those  studied  in  other 
parts . 


J 


c)  Rates  of  deposition  in  the  lake  are  low. 

d)  Wind  drift  could  account  for  some  of  the  material., 
piled  against  the  dam. 

Joint  patterns  and  the  sediment-rock  wall  interface  on 
the  upstream  face  of  the  dam  were  surveyed,  as  well  as  the  boun- 
dary of  the  :fubble  near  the  intake  location,  right  abutment. 


\ 
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APPENDIX 


Five  pictures,  taken  with  a 35  nun  Calypso  camera  and 
flash,  are  shovm.  The  extremely  murky  conditions  in  the  lake, 
v/ell  demonstrated  by  Photo  3,  are  responsible  for  the  poor  ' 
quality  of  the  pictures.  Here  the  mercury-vapor  lamp  of  the 
underwater  television  camera,  illuminating  a rod  calibrated 
in  feet,  barely  shows  at  a distance  of  four  feet. 


; 
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